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SEMICONDUCTOR DEVICES 


Transistors 
AC127 to BF451 


MULLARD LTD., MULLARD HOUSE, TORRINGTON PLACE, 
LONDON, WC1E 7HD 
Telephone 01-580 6633 Telex: 264341 


DATA HANDBOOK SYSTEM 


The Mullard data handbook system is made up of three sets of books, each comprising 
several parts. 


The three sets of books, easily identifiable by the colours on their covers, are as follows: 


Book 1 (blue) Semiconductor devices and 
integrated circuits 


Book 2 (orange) Valves and tubes 


Book 3 _ (green) Passive components, materials, 
and assemblies. 


Each part is completely reviewed annually; revised and reprinted where necessary. Revisions 
to previous data are indicated by an arrow in the margin. 


The data contained in these books are as accurate and up to date as it is reasonably 
possible to make them at the time of going to press. It must however be understood that no 
guarantee can be given here regarding the availability of the various devices or that their 
specifications may not be changed before the next edition is published. 


The devices on which full data are given in these books are those around which we 
would recommend equipment to be designed. Where appropriate, other types no longer 
recommended for new equipment designs, but generally available for equipment 
production are listed separately with abridged data. Data sheets for these types may be 
obtained on request. Older devices on which data may still be obtained on request are 
also included in the index of the appropriate part of each book. 


Requests for information on the data handbook system and for individual data sheets should 
be made to 


Central Technical Services 
Mullard Limited 

New Road 

Mitcham 

Surrey CR4 4XY 


Telephone: 01-648 3471 Telex: 22194 


Information regarding price and availability of devices must be obtained from our 
authorised agents or from our representatives. 
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1. SMALL/MEDIUM SIGNAL TRANSISTORS 
Germanium types 
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SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
N-P-N Silicon planar types 
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+Also available to BS 9365—-F112 


SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
N-P-N Silicon planar types (cont.) 


BFR92 
BFR93 
BFS17B 
BFS20R 
BFT24 
BFT25 
BFW16A 
BFW17A 
BFW30 
BFX84 
BFX85 
BFX86 
BFX89 
BFY50+ 
BFY51+ 
BFY52+ 
BFY53 
BFY90 
BSS40 
BSS41 
BSV52R 
BSW66 
BSW67 
BSW68 
BSX19 
BSX20 
BSX21 
BSX59 
BSX60 
BSX61 
BSY95A 
2N1613 
2N1711 
2N2297 
2N2369A 
2N3053 
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SMALL/MEDIUM SIGNAL TRANSISTORS (cont.) 
P-N-P Silicon planar types 


2Ae 

S4|\xs 

oa;|ow 

* * lock-fit 
BC158 * * * 300 | lock-fit 
BC159 * x! * * 300 | lock-fit 
BC327 * * * 625 | Plastic 
BC328 oe * * 625 | Plastic 
BC557 * * * 300 | TO-92 
BC558 * * * 300 | TO-92 
BC559 * *\ * * 300 | TO-92 
BCW29R| * *x| * * 200 | pmin 
BCW30R| * *| * * 200 | pmin 
BCW69R| x * * 200 | pmin 
BCW70R| x * * 200 | pmin 
BCX17 x\* * * 310 | pmin 
BCX18 xl * * * 310 | pmin 
BCX35 * xl * 1000 | lock-fit 
BCX36 * x! * 1000 | lock-fit 
BCX37 * * * 1000 | lock-fit 
BCY70t | xk l*k* * * 350 | TO-18 
BCY71+ | * * * * 350 | TO-18 
BCY72+ | k#lk&i* * * 350 | TO-18 
BF324 * * * *% | 250 | TO-92 
BF450 x!) i* * * 250 | TO-92 
BF451 * * * * 250 | TO-92 
BFX29t | x il* xl * 600 | TO-5 
BFX30{ * * 600 | TO-5 
BFX87 x\* * * 600 | TO-5 
BFX88 x \* * * 600 | TO-5 
BSV68 * *x\| * 250 | TO-18 
2N2904 | 4k | * * * 600 | TO-5 
2N2904A| * | * * * 600 | TO-5 
2N2905 | *&|* * * 600 | TO-5 
2N2905A, *& | *& * * 600 | TO-5 
2n2906 | * |x * * 400 | TO-18 

kik * * 400 | TO-18 

x | * a * TO-18 

x |x * TO-18 


+ Also available to BS9365-F009 t Also available to BS9365-F010/F011 
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2. L.F./H.F. POWER TRANSISTORS 


Silicon types 
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TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-3 
TO-3 
TO-3 
TO-3 
Plastic 
Plastic 
Plastic 
Plastic 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-3 
TO-3 
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L.F./H.F. POWER TRANSISTORS (cont.) 
Silicon types (cont.) 


Vee max Hee 
H.F. (V) min] P.o¢ max 
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Purpose 
Switching 


BDY90 

BDY91 

BDY92 

BDY93 

BDY94 

BDY95 

BDY96 

BDY97 

BDY98 

BSV64 

BU126 

BU133 

BU204 
BU205 
BU206 

BU207 

BU208 

BU209 
; 2N3055 
; 2N3442 
: 2N4347 
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3. R.F. POWER DEVICES 
N-P-N Transistors 


Type ae Po(C.W.) 
No. V.H.F.} U.H.F. ae (W at MHz) 
Es SERGI 


BLX13 
BLX14 
BLX65 
BLX66 
BLX67 
BLX69 
BLX91 
BLX92 
BLX93 
BLX94 
BLY33 
BLY34 
BLY35 . 
BLY36 
BLY53A 
BLY55 
BLY83 
BLY84 
BLY85 
BLY89A 
BLY90 
BLY93A 
BLY94 
BLY97 
2N3375 
2N3553 
2N3632 
2N3866 
2N4427 
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+ At 7OMHz ¢ A.M. (Carrier) § At 100OMHz 


Broad Band U.H.F. Amplifier Modules 


Capstan 
Stripline 
TO-39 
Capstan 
Capstan 
Capstan 
Capstan 
Capstan 
Capstan 
Capstan 
TO-39 
TO-39 
TO-60 
TO-60 
Capstan 
TO-60 
Capstan 
Capstan 
Capstan 
Capstan 
Stripline 
Capstan 
Stripline 
Capstan 
TO-60 
TO-60 
TO-60 
TO-39 
TO-39 


Frequency V. supply Po min at Pdr 


range 
(MHz) (V) 


BGY22 380-512 
BGY22A 420-480 
BGY23 380-512 
BGY23A 420-480 
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4. DARLINGTON TRANSISTORS 


BCX21 
BDX42 
BDX43 
BDX44 
BSS50 
BSS51 
BSS52 
BD262 
BD262A 
BD262B 
BD263 
BD263A 
BD263B 
BDX62 
BDX62A 
BDX62B 
BDX63 
BDX63A 
BDX63B 
BDX64 
BDX64A 
BDX64B 
BDX65 
BDX65A 
BDX65B 
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TO-39 
TO-126 
TO-126 
TO-126 
TO-39 
TO-39 
TO-39 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-126 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 
TO-3 


5. FIELD-EFFECT TRANSISTORS 
n-channel, depletion) 


U.H.F.| Vposmax| Case 
(V) 


Junction 
gate: 


BF245A 
: BF245B 
BF245C 
BFQi0 
BFQ11 
BFQ12 
BFQ13 
BFQ14 
BFQ15 
BFQ16 
BFR29 
BFR30 
BFR31 
BFS28 
BFW10 
BFW11 
BFW61 
BSV78 
BSV79 
BSV80 
BSV81 
2N3823 
2N3966 
2N4091 
2N4092 
2N4093 
2N4391 
2N4392 
2N4393 
2N4856 
2N4857 
2N4858 
2N4859 
2N4860 
2N4861 
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6. MICROMINIATURE TRANSISTORS 


BCW29R 
BCW30R 
BCW31R 
BCW32R 
BCW33R 
BCW69R 
BCW70R 
BCW71R 
BCW72R 
BCX17 
BCX18 
BCX19 
BCX20 
BFR30{ 
BFR31t 
BFR92 
BFR93 
BFS17R 
BFS20R 
BFT25 
BSV52R 
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tField effect transistors 
tVceo Max=5V 


7. LOCK-FIT TRANSISTORS 
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8. SPECIAL DEVICES 


Description 


High performance in first and 


Differential amplifiers aad stages of d.c. amplifiers 


P-N-P-N Silicon controlled switch 


GENERAL SECTION 
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SEMICONDUCTOR GENERAL EXPLANATORY 
DEVICES NOTES 


INDEX 


Section !. Type Nomenclature 


This section explains the system of type nomenclature used for Mullard Semi- 
conductor devices showing the significance of each type letter or number. 


Sectionll. List of Symbols for Light Current Semiconductor Devices 
This section gives the main symbols used in quoting ratings and characteristics 
of Semiconductor Devices. 

Section Ill. Explanation of Handbook Data 

1. Form of issue. 


1.1 Types of data, Tentative Data, Final Data. 


1.2 Presentation of data—division into description, Quick Reference, Out- 
lines, Ratings, Characteristics, Application information, Environmental 
data, Curves. 


2. Ratings. 


2.1 Definition of the three Ratings System—Absolute Maximum, Design 
Centre, Design Maximum. 


Transistor Ratings. 


3.1 Transistor Voltage Ratings. 
Definitions of the main voltage ratings, Vcg, Ves, Vee under various 
circuit and current conditions, showing their interdependence. Voltage 
ratings charts and permissible area of operation. 


3.2 Transistor Current Ratings. 
Definitions of the main current ratings, Ic, le, Ig, under various con- 
ditions. 


3.3 Transistor Power Ratings. 
Definition of P,., maximum—distinction between steady state and 
pulse—dependence on temperature—de-rating chart—heatsinks and 
thermal resistance considerations. 


3.4 Temperature Ratings. 
Definition of T;, Tmo. Tease - 


Section IV. Mounting and Soldering Recommendations 
1. Mounting of ‘Lockfit’ Transistors. 


1.1 Mounting on printed wiring boards. 
1.2 Soldering. 
Section V. Field Effect Transistors 


Section VI. Safe Operating ARea for power transistors 
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SEMICONDUCTOR TYPE 
DEVICES NOMENCLATURE 


Section 1 


Mullard semiconductor devices are registered by Pro Electron. 
The type nomenclature of a discrete device or, in certain cases, of a range of 
devices, consists of two letters followed by a serial number. The serial number 
may consist of three figures or of one letter and two figures depending on the 
main application of the device. 
The first letter indicates the semiconductor material used: 

A — germanium 

B — silicon 

C — compound materials such as gallium arsenide 

D — compound materials such as indium antimonide 

R — compound materials such as cadmium sulphide 


The second letter indicates the general function of the device: 
A — detection diode, high speed diode, mixer diode. 
B — variable capacitance diode 
C —transistor for a.f. applications (not power types) 
D — power transistor for a.f. applications 
E —tunnel diode 
F — transistor for r.f. applications (not power types) 
G — multiple of dissimilar devices; miscellaneous devices 
L — power transistor for r.f. applications 
N — photo-coupler 


P — radiation sensitive device such as photodiode, phototransistor, photo- 
conductive cell, or radiation detector diode 


Q — radiation generating device such as light-emitting diode 


R — controlling and switching device (e.g. thyristor) having a specified break- 
down characteristic (not power types) 


S — transistor for switching applications (not power types) 


T — controlling and switching power device (e.g. thyristor) having a specified 
breakdown characteristic 


U — power transistor for switching applications 

X — multiplier diode such as varactor or step recovery diode 

Y — rectifier diode, booster diode, effictency diode 

Z — voltage reference or voltage regulator diode, transient suppressor diode 


The remainder of the type number is a serial number indicating a particular 
design or development and is in one of the following two groups: 

(a) Devices intended primarily for use in consumer applications (radio and 
television receivers, audio amplifiers, tape recorders, domestic appliances, 
etc). 

The serial number consists of three figures. 

(b) Devices intended mainly for applications other than (a), e.g. industrial, 
professional and transmitting equipments. 

The serial number consists of one letter (Z, Y, X, W, etc.) followed 


by two figures. 
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TYPE SEMICONDUCTOR 
NOMENCLATURE DEVICES 


Range Numbers 
Where there is a range of variants of a basic type of rectifier diode, thyristor or 
voltage regulator diode the type number as defined above is often used to identify 
the range; further letters and figures are added after a hyphen to identify indi- 
vidual types within the range. These additions areas follows: 
Rectifier Diodes and Thyristors 
The group of figures indicates the rated repetitive peak reverse voltage, 
Ver, or the rated repetitive peak off-state voltage, Vprm, whichever value 
is lower, in volts for each type. 
The final letter R is used to denote a reverse polarity version (stud -anode) 
where applicable. The normal polarity version (stud cathode) has no special 
final letter. 


Voltage Regulator Diodes, Transient Suppression Diodes 
The first letter indicates the nominal percentage tolerance in the operating 


voltage Vz. 
A—+41% D— +10% 
B— +2% E—-+I15% 
C— 45% : 


The letter is omitted on transient suppressor diodes. 


The group of figures indicates the typical operating voltage Vz for each type 
at the nominal operating current {z rating of the range. For transient suppressor 
diodes the figure indicates the maximum recommended standoff voltage Vr. 


The letter V is used to denote a decimal sign. 


The final letter R is used to denote a reverse polarity version (stud anode) 
where applicable. The normal polarity version (stud cathode) has no special 
final letter. 


Examples: 
BF362 Silicon r.f. transistor intended primarily for ‘consumer’ applica- 
tions. 
ACY\7 Germanium a.f. transistor primarily for ‘industrial’ applications. 


BTW24-800R Silicon thyristor for ‘industrial’ applications. In BTW24 range 
with 800V maximum repetitive peak voltage, reverse polarity, 
stud connected to anode. 


BZY88-C5V6 Silicon voltage regulator diode for ‘industrial’ applications. In 
BZY88 range with 5-6V operating voltage -+5% tolerance. 


RPY7| Photoconductive cell for ‘industrial’ applications. 


OLD SYSTEM 


Some earlier semiconductor diodes and transistors have type numbers consisting 
of two or three letters followed by a group of one, two or three figures. 


The first letter is always ‘O’, indicating a semiconductor device. 
The second (and third) letter(s) indicate the general class of device: 


A —diode or rectifier C —transistor 
AP — photodiode CP — phototransistor 
AZ — voltage regulator diode 


The group of figures is a serial number indicating a particular design or develop- 
ment. 
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SEMICONDUCTOR GENERAL EXPLANATORY 
DEVICES NOTES 


Section II 
LIST OF SYMBOLS FOR SEMICONDUCTOR DEVICES 


These symbols are based on British Standard Specification No. 3363: 
“Letter Symbols for Semiconductor Devices.” A full description of the 
system is contained in this publication. 


QUANTITY SYMBOLS 


Vv Voltage 
I Current 
P Power 


ii 
vt with subscripts 
) 


instantaneous value of the varying component. 


| 
v} with subscripts 
P 


the r.m.s. value of the varying component, or 

with appropriate additional subscript the peak 

(m) or average (d.c.) (av) value of the varying 
J component. 


| E ) the no-signal (d.c.) value or, with the appropriate 
V } with subscripts< B > additional subscripts the total average value (AV) 
P C J with signal or the total peak value (M). 


e 

b 

¢ 

i) E 
of as subscripts< B }instantaneous total value. 

p Cc 

e 

b 

Le 


Collector current 


No signat with signal 


(2613) 
Examples 
Ip d.c. emitter current no signal. 
le r.m.s. value of varying component of emitter current. 
ie Instantaneous value of varying component of emitter current. 
ig Instantaneous value of total emitter current. 


lgcav) Average (d.c.) value of total emitter current with signal applied. 
leav) Average (d.c.) value of the varying component of the emitter current. 
lem Peak value of the varying component of the emitter current. 

lem Peak value of the total emitter current. 
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GENERAL EXPLANATORY SEMICONDUCTOR 
NOTES DEVICES 


Subscripts for quantity sumbols 


A,a Anode terminal Ii Input 
AV, av Average J, j Junction 


B, b = Base terminal K,k Cathode terminal 

BO Breakover M,m_ Peak value 

BR Breakdown O,o Open-circuit, output 

C,c¢ Collector terminal, conversion, ° Average value of overload 
capacitive +r Resistive, reverse, repetitive 

D,d Delay, Off-state (i.e. non trigger) s,s Short-circuit, series, shield, 
drain terminal source 

E,e Emitter terminal T,t  On-state (i.e. triggered) 

W, w Working 

Ff Forward X,x Specified circuit, reactive 

G,g Gate terminal Z,z Reference or regulator 

H,h ~~ Holding (i.e. Zener), impedance 


The letter O is used with three terminal devices as a third subscript only 
to denote that the terminal not indicated in the subscript is open-circuited. 


The letter S is also used with three terminal devices as a third subscript to 
denote that the terminal not indicated in the subscript is shorted to the 
reference terminal. 


Sequence of subscripts 
The first subscript denotes the terminal at which the current or terminal 
voltage is measured. 


The second subscript denotes the reference terminal or circuit mode that 
the current or terminal voltage is measured. 


Where the reference terminal or circuit is understood the second subscript 
may be omitted where its use is not required to preserve the meaning of 
the symbol. 


The supply voltage shall be indicated by repeating the terminal subscript. 
The reference terminal may then be designated by the third subscript. 
Examples Vez, Vcc, Va, Vrep 


In devices having more than one terminal of the same type, the terminal 
subscripts shall be modified by adding a number following the subscript 
and on the same line. 

Example B2 


In multiple unit devices the terminal subscripts shall be modified by a 
number preceding the terminal subscript. 


Example 2B 


Mullard 


G.E.N, Notes Page 2 


SEMICONDUCTOR GENERAL EXPLANATORY 
DEVICES NOTES 


Where ambiguity might arise the complete terminal designations shall be 
separated by hyphens or commas. 


Example Vici-2c1 


the voltage at the first collector of the first unit referred to the voltage 
at the first collector of the second unit. 

The first subscript in the matrix notation shall identify the element of the 
four pole matrix. 


i input 
° output 
f forward transfer 
r reverse transfer 
A second subscript may be used to identify the circuit configuration. 
e common emitter 
b common base 
c common collector 


Example Vie = hie. liet hre. Voe 
When the common terminal is understood the second subscript may be 
omitted, 


Static value of parameters shall be indicated by the upper case (capital) 
subscripts. 
Example hic, hip 


The four pole matrix parameters of the device are represented by lower 
case symbols with the appropriate subscripts 


hiv 
The four pole matrix parameters of external circuits and of circuits in which 


the device forms only a small part are represented by upper case symbols 
with the appropriate subscripts. 


Hi, Zo 


Symbols for the components of small-signal equivalent circuits used to 
represent devices are qualified by lower case symbols. 


To,» Ve, ov’ 


ELECTRICAL PARAMETERS Associated 
Device circuit 

Resistance r R 
Reactance x x 
Impedance z Z 
Admittance Y Y 
Conductance g G 
Susceptance b B 
Mutual inductance m M 
Inductance i L 
Capacitance c Cc 
Distortion D 
Frequency limits f max. 

f min 
Bandwidth Af 


Bandwidth (for associated circuits) 
Noise factor 


Zn 
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GENERAL EXPLANATORY SEMICONDUCTOR 
NOTES DEVICES 


List of Symbols for Semiconductor Devices 


Ca diode capacitance {reverse bias) 
Cr diode capacitance (forward bias) 
Cib transistor input capacitance (grounded base) 
Cie transistor input capacitance (grounded emitter) 
CG; junction capacitance (of the intrinsic diode) 
Cmin diode capacitance (at breakdown voltage) 
Co diode capacitance (zero bias) 
Cob transistor output capacitance (grounded base) 
Coe transistor output capacitance (grounded emitter) 
Cp Parasitic (parallel) capacitance 
Cc. stray capacitance 
Cre capacitance of the emitter depletion layer 
Cre capacitance of the collector depletionslayer 
foo varactor diode cut-off frequency 
heck transistor cut-off frequency (the frequency at which the 
face parameter indicated by the subscript is 0.7 times its low 
ae frequency value) 
fy frequency of unity current transfer ratio modulus 
fmax maximum frequency of oscillations 
fr tunnel diode resistive cut-off frequency 
fr transition frequency (common emitter gain-bandwidth 
product) 

gi tunnel diode negative conductance (of the intrinsic diode) 
Zp small signal power gain 
Gp large signal power gain 
Nee the static value of the input resistance with the output voltage 
ie held constant 
ie fr} i The small-signal value of the input impedance with the output 
he. u f short-circuited to alternating current 

ic 
es The static value of the reverse voltage transfer ratio with the 
hen input current held constant 

RC 
ti {his} The small-signal value of the reverse voltage transfer ratio 
ee (hie with the output voltage held constant 

re J 
A The static value of the forward current transfer ratio with the 
reas output voltage held constant 

FC 

x 

tg an) The small-signal forward current transfer ratio with the 
ie (hai) ¢ output short-circuited to alternating current 

fe d 
nore The static value of the output conductance with the input 
ae current held constant 

oc 

Z 
ee ) \ The small-signal value of the output admittance with the 
tape (hoe input open-circuited to alternating current 
loc J 
hrg(sat) transient forward current transfer ratio in saturation 
: ; Io-t 
hrev inherent forward current transfer ratio = © °BO 
; 1p+IcBo 
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SEMICONDUCTOR GENERAL EXPLANATORY 


DEVICES 


Ip, lo, Iz 


NOTES 


total d.c. current 


Ipcav) lecav) lecav) average (d.c.) value of total current 


Inpx 
Ipex, Iozx 


Ipm, lem, lem 
lp ’ le ’ le 

lom ’ lem , lem 
ip» icy ip 
ip, ie , ie 
lipo) 

leso 

tons. Icgs 
lopx 


\cEo 
IcER 


Ip 


leno 
lepx 


lp 

ix 

IR(AV) 

lea 

team 

heat 

lewovy s leo 
lero 


base current (with both junctions reverse biased) 

base (respectively collector) cut off current in a specified 
circuit 

peak value of total current - 

r.m.s. value of varying component of current 

peak value of varying component of current 
instantaneous total value of current 

instantaneous value of varying component of current 
thyristor breakover current (d.c.) 

collector cut-off current (emitter open-circuited) 
collector cut-off current (emitter short-circuited to base) 


collector current with both junctions reverse biased with 
respect to base 


collector cut-off current (base open-circuit) 
collector cut-off current (with specified resistance between 
base and emitter) 


thyristor continuous (d.c.) off-state current, field effect 
transistor drain current 


emitter cut-off current (collector open-circuit) 


emitter current with both junctions reverse biased with 
respect to base 


D.C. forward current 

instantaneous forward current 

average forward current 

thyristor forward gate current 

thyristor peak forward gate current 

peak forward current 

overload mean forward current 

repetitive peak forward current 

surge (non-repetitive) forward current 
thyristor gate non-trigger current 
thyristor gate trigger current 

thyristor gate turn-off current 

thyristor holding current (d.c.) 

thyristor latching current 

average output current 

repetitive peak output current 

tunnel diode peak point current 

tunnel diode peak to valley point current ratio 
continuous (d.c.) reverse leakage current 
instantaneous reverse leakage current 
thyristor reverse gate current 

repetitive peak reverse current 
non-repetitive peak reverse current 
source current 

thyristor continuous (d.c.) on-state current 
thyristor overload mean on-state current 
thyristor average on-state current 
thyristor repetitive peak on-state current 
thyristor non-repetitive peak on-state current 
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tunnel diode valley point current 6 
voltage regulator (zener) diode continuous (d.c.) operating 
current 

voltage regulator (zener) diode average operating current 
voltage regulator (zener) diode peak current 
conversion loss 

series inductance 

flicker noise 

noise figure at intermediate frequency 

overall noise figure 

noise temperature ratio 

thyristor average gate power 

thyristor peak gate power 

total power dissipated within the device 

recovered (stored) charge 

extrinsic base resistance 

source resistance 

series resistance 

thermal resistance 

voltage regulator (zener) diode differential resistance 
tangential signal sensitivity 

voltage regulator (zener) diode temperature coefficient of the 
operating voltage 

ambient temperature 

case temperature 

junction temperature 

mounting base temperature 

storage temperature 

delay time 

fall time 

forward recovery time 

thyristor gate controlled turn-on time 

thyristor gate controlled turn-off time 

pulse duration 

thyristor circuit-commutated turn-off time 

turn-on time 

turn-off time 

rise time 

reverse recovery time 

storage time 

thermal resistance of heat sink 

contact thermal resistance 

thermal resistance junction to ambient 

thermal resistance junction to case 

thermal resistance junction to mounting base 
collector time coefficient of a switching transistor 
carrier storage time coefficient of a switching transistor 
fall time factor 

rise time factor 


Mullard 


G.E.N. Notes Page 6 


SEMICONDUCTOR GENERAL EXPLANATORY 


DEVICES 


VeR(sat) 
ViB0) 
Vipr) 
Viprycno 
ViBrycns 


V(BR)CEO 
Viprycer 


Vipr)cEs 
V(BRycEx 


V(BR)EBO 
Viper 
Ves 
Vcso 
Venn 
Voc 

Ven 
VcEo 

Vee 
Vex(knee) 
Venisat) 
Vexisust) 


NOTES 


base-emitter saturation voltage 

thyristor breakover voltage 

breakdown voltage 

breakdown voltage collector to base (emitter open-circuited) 
breakdown voltage collector to base (emitter and base short- 
circuited) 

breakdown voltage collector to emitter (base open circuited) 
breakdown voltage collector to emitter (with specified 
resistance between base and emitter) 

breakdown voltage collector to emitter (emitter and base- 
short-circuited) 

breakdown voltage collector to emitter (with specified 
circuit between base and emitter) 

breakdown voltage emitter to base (collector open-circuited) 
reverse breakdown voltage 

collector-base voltage (d.c.) 

collector-base voltage (with emitter open-circuited) 
collector-base floating potential 

collector supply voltage (d.c.) 

collector to emitter voltage (d.c.) 

collector to emitter voltage (with base open-circuited) 
collector to emitter r.m.s. voltage 

collector knee voltage, 

collector to emitter saturation voltage 

collector to emitter sustaining voltage 

thyristor continuous (d.c.) off-state voltage 

drain to gate voltage 

thyristor peak off-state voltage 

thyristor repetitive peak off-state voltage 

drain to source voltage 

thyristor non-repetitive off-state voltage 

thyristor crest (peak) working off-state voltage 

emitter-base voltage (d.c.) 

emitter-base voltage (with collector open circuited) 
emitter-base r.m.s. voltage 

emitter-base floating potential 

emitter-collector floating potential 

D.C. forward voltage 

instantaneous total value of the forward voltage 

thyristor forward gate voltage 

thyristor peak forward gate voltage 

signal diode forward recovery voltage 

gate to substrate voltage 

thyristor gate non-trigger voltage 

gate to source voltage 

thyristor gate trigger voltage 

input voltage 

repetitive peak input voltage 

non-repetitive peak input voltage 

crest working input voltage 

output voltage 
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Vp peak point voltage 
Vpp projected peak point voltage 
Ve D.C. reverse voltage 
VR instantaneous total value of the reverse voltage 
Vaa thyristor reverse gate voltage 
Vrom thyristor peak reverse gate voltage 
Ve peak reverse voltage 
Var repetitive peak reverse voltage 
Vrsm non-repetitive peak reverse voltage 
VrwM crest (peak) working reverse voltage 
Vr thyristor continuous (d.c.) on-state voltage 
Varo) thyristor threshold voltage 
Vy valley point voltage 
Vz voltage regulator (zener) diode operating voltage 
Zit intermediate frequency impedance 
Le video impedance 
y-parameters 
Common Common 
base emitter 
Yio (y11) Yie (y’11) Input admittance 
Biv (gi1) Bie (g’11) Input conductance Output 
Cin (¢11) Cie (¢’11) Input capacitance short-circuited 
dip ie Phase angle of input admittance J 
Yoo (y22) Yoe (Y’22) Output admittance 7 
Bon (g22) Boe (Z’22) Output conductance Input 
Cops (C22) Cues (C’22) Output capacitance f short-circuited 
don oe Phase angle of output admittance 
lyrol(ly21|) — lytel(ly’21|) Transfer admittance 
Br Bte Transfer conductance | Output 
Cth Cre Transfer capacitance ( short-circuited 
orp (a1) ote (6’21) Phase angle of transfer admittance | 
Jyrp| (yi2) [re] (y’12) Feedback admittance ) 
Erb Sre Feedback conductance ha 
rs Cre Feedback capacitance short-circuited 
Orb (012) dre (’12) Phase angle of feedback admittance 


2 


Scattering parameters 
In distinction to the conventional h, y and z parameters, s-parameters relate to 
travelling wave conditions. The figure below shows a two-port network with 
the incident and reflected travelling wave quantities a,, b;, a2 and bz, which 
are square roots of power. 
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. V..2 
a,? = the power incident at the input (= J ) 
Z, 
2 . py Vi2? 
az? = the power incident at the output (= > ) 
. Via? 
b,2 = the power reflected from (or generated at) the input (= 7 ) 


V 2 
b.2 = the power reflected from (or generated at) the output (= ) 
oO 
Z, = the characteristic impedance of the transmission line in which 
the two-port is connected 
V, = incident voltage 


V, = reflected (generated) voltage 


The four-polte equations for s-parameters are: 


by = $414, +$1 24> 
bz = S214, +S22a2 


Using the subscripts i for 11. o for 22, f for 21 and r for 12, it follows that 


$s; =S 203 
i 1 ay a2=0 

bo 

S =So1= - 
21 a,laz=0 

bz 

S,=S.5=— 
‘0 22 a; |ap=0 

Ss, = Ss Pa 
ir 12 ao a,=0 


a, can be made zero by terminating the input side with Z, = Z, (no input power 
and no reflection from the source). 


a can be made zero by terminating the output side with Z, = Z, (no reflection 
from the load). 


b Ver. : 7 : ae : 
Because . = —"' it can be seen that s, is the input reflection coefficient; in the 
4 it 
same way s, is the output reflection coefficient. 
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The s-parameters can be named and expressed as follows: 


S; = 81; = Input reflection coefficient (for the given characteristic impedance) 
— Ratio between the square root of the power reflected from the 
input and the square root of the power incident at the input, output 
terminated with the characteristic impedance. 


S; = So, = Forward transmission coefficient (for the given characteristic 
impedance) — Ratio between the square root of the power 
generated at the output and the square root of the power incident 


at the input, output terminated with the characteristic impedance. . 


So = So2 = Output reflection coefficient (for the given characteristic imped- 
ance) — Ratio between the square root of the power reflected from 
the output and the square root of the power incident at the output, 
input terminated with the characteristic impedance. 


S, = $12 = Reverse transmission coefficient (for the given characteristic 


impedance) — Ratio between the square root of the power 
generated at the input and the square root of the power incident 
at the output, input terminated with the characteristic impedance. 
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1.2 


Section Ill. Explanation of Handbook Data 


FORM OF ISSUE 


The semiconductor data published in the Handbook follows the same 
pattern, as much as possible, concerning, (a) the forms of issue, (b) the 
ratings system and (c) the ratings preseatation. 


Types of Data 
The Handbook data is published either as tentative or final data. 


Tentative Data 

Tentative data aims at providing information on new devices as early as 
possible to allow the customer to proceed with circuit design. The tentative 
data may not include all the characteristics or ratings which will be 
incorporated later in the final data and some of the numerical values 
quoted may be slightly adjusted later on. 


Final Data 

The transfer from tentative data to final data involves the addition of those 
numerical values and curves which were not available at tentative data 
stage and small adjustments to those values already quoted in tentative data. 
Reissue of final data may be made from time to time to incorporate 
additional information resulting from prolonged production experience 
or to meet new applications. 


Presentation of Data 
as information on the published data sheets is presented in the following 
‘orm: 
—description of basic application and physical characteristics of the 
device. 
—quick reference data giving the most important ratings and 
characteristics. 
—outline and dimensions. Reference to standard outline nomenclature 
if applicable and lead connections. 
—Ratings. Voltage, current, power and thermal ratings. 
—Characteristics. 
—Application information or operating conditions. 
—Mechanical and environmental data if applicable. 
—Charts showing ratings and characteristics. 


RATINGS 


A rating is a limiting condition of usage specified for a device by the 
manufacturer, beyond which the serviceability may be impaired. 


A rating system is a set of principles upon which ratings are established 
and which determines their interpretation. There are three systems which 
have been internationally accepted and which allocate responsibility 
between the device manufacturer and the circuit designer differently. 
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Rating Systems 


Unless otherwise stated the ratings given in semiconductor data sheets 
follow the absolute maximum rating system. 

The definitions of the three systems accepted by the International Electro- 
technical Commission are as follows: 


ABSOLUTE MAXIMUM RATING SYSTEM 


Absolute maximum ratings are limiting values of operating and environ- 
menta! conditions applicable to any device of a specified type as defined 
by the published data, and should not be exceeded under the worst 
probable conditions. 


These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for variations in equip- 
ment or environment, and the effects of changes in operating conditions 
due to variations in the characteristics of the device under consideration 
and of all other devices in the equipment. 


The equipment manufacturer should design so that initially and throughout 
life no absolute maximum value for the intended service is exceeded with 
any device under the worst probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment. 


DESIGN-CENTRE RATING SYSTEM 


Design-centre ratings are limiting values of operating and environmental 
conditions applicable to a bogey device of a specified type as defined by 
its published data, and should not be exceeded under normal conditions. 
These values are chosen by the device manufacturer to provide acceptable 
serviceability cf the device in average applications, taking responsibility 
for normal changes in operating conditions due to variations in supply 
voltage, environment, equipment components, equipment control adjust- 
ment, load, signal or characteristics of all other devices in the equipment. 
The equipment manufacturer should design so that initially no design- 
centre value for the intended service is exceeded with a bogey device in 
equipment operating at the stated normal supply voltage. 


DESIGN-MAXIMUM RATING SYSTEM 


Design-maximum ratings are limiting values of operating and environ- 
mental conditions applicable to a bogey device of a specified type as 
defined by its published data, and should not be exceeded under the 
worst probable conditions. 


These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking responsibility for the effects of changes 
in operating conditions due to variations in the characteristics of the 
device under consideration. 


The equipment manufacturer should design so that initially and throughout 
life no design-maximum value for the intended service is exceeded with a 
bogey device under the worst probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment. 
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The ratings are presented as voltage, current, power and temperature 
ratings. The list of these ratings and their definitions is given as foliows: 


Transistor voltage ratings 
Collector to base voltage ratings 


Vex max 


Von max (lg = 0) 


The maximum permissible instantaneous voltage 
between collector and base terminals. The collector 
voltage is negative with respect to base in PNP 
transistors and positive w.r.t. base in NPN types. 


The maximum permissible instantaneous voltage 
between collector and base terminals, when the 
emitter terminal is open circuited. 


Emitter to base voltage ratings 


Ven max 


Ves max (tc = 0) 


The maximum permissible instantaneous reverse 
voltage between emitter and base terminal. The 
emitter voltage is negative w.r.t. base for PNP 
transistor and positive w.r.t. base for NPN types. 


The maximum permissible instantaneous reverse 
voltage between emitter and base terminals when 
the collector terminal is open circuited. 


Collector to emitter voltage ratings 


Vcore max 


- Ven max (Cut-off) 


The maximum permissible instantaneous voltage 
between collector and emitter terminals. The 
collector voltage is negative w.r.t. emitter in PNP 
transistors and positive w.r.t. emitter in NPN types. 
This rating is very dependent on circuit conditions 
and collector current and it is necessary to refer 
to the curve of Vcr Versus Ic for the appropriate 
circuit condition in order to obtain the correct 
rating 


The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
emitter current is reduced to zero by means of a 
reverse emitter base voltage, i.e. the base voltage 
is normally positive w.r.t. emitter for PNP transistor 
and negative w.r.t. emitter for NPN types. 


NOTE: The term ‘“‘cut-off” is sometimes replaced by Viz > x volts, or 


Rn 


E 
be cut-off. 


. <y which are equivalent conditions under which the device may 
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Vou max (Ic = x mA) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
collector current is at a high value, often the max. 
rated value. 


Vcr max (Ip = 0) The maximum permissible instantaneous voltage 
between collector and emitter terminals when the 
base terminal is open circuited or when a very high 
resistance is in series with the base terminal. 
Special care must be taken to ensure that thermal 
runaway due to excessive collector leakage current 
does not occur in this condition. 


Due to the current dependency of Vcz it is usual to present this information 
as a voltage rating chart which is a curve of collector current versus 
collector to emitter voltage (see Fig. 1). 

This curve is divided into two areas: 


A permissible area of operation under all conditions of base drive provided 
the dissipation rating is not exceeded (area 1) and an area where operation 
is allowable under certain specified conditions (area 2). 

To assist in determining the rating in this second area, further curves are 
provided relating the voltage rating to external circuit conditions, for 


example: 
Ra Vap 
Re’ Rg, Ze» Vax, Ip or po 


An example of this type of curve is given in Fig. 2 as Vox versus a for 


two different values of collector current. 


Fig1 Fig.2 


It should be noted that when Rg is shunted by a capacitor, the collector 
voltage Vcg during switching must be restricted to a value which does 
not rely on the effect of Rr. 

In the case of an inductive load and when an energy rating is given, it may 
be permissible to operate outside the rated area provided the specified 
energy rating is not exceeded. 
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Transistor Current Ratings 


Collector current ratings 


lo max 


l\ocav) max 


lom 


The maximum permissible collector current. 
Without further qualification, the de value is 
implied. 

The maximum permissible average value of the total 
collector current. 


The maximum permissible instantaneous value of 
the total collector current. 


Emitter current ratings 


lz max 
Ig(av) Max 


leR(Av) max 


lnm 


lerM 


Base current ratings 
Ip max 


Icav) max 


Inrcavy max 


Iam 


Iba 


The maximum permissible emitter current. Without 
further qualification, the de value is implied. 


The maximum permissible average value of the total 
emitter current. 


The maximum permissible average value of the total 
emitter current when operating in the reverse 
emitter-base breakdown region. 


The maximum permissible instantaneous value of 
the total emitter current, 


The maximum permissible instantaneous value of 
the total reverse emitter current allowable in 
the reverse breakdown region. 


The maximum permissible base current (without 
further qualification, the dc value is implied). 


The maximum permissible average value of the total 
base current. 


The maximum permissible average value of the total 
reverse base current allowable in the reverse 
breakdown region. 


The maximum permissible instantaneous value of the 
total base current. The rating also includes the 
switch off current. 
The maximum permissible instantaneous value of 
the total reverse current allowable in the reverse 
breakdown region. 
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Transistor Power Ratings 


Prot max: The total maximum permissible continuous power dissipation 
in the transistor and includes both the collector-base dissipation and the 
emitter-base dissipation. Under steady state conditions the total power is 
given by the expression: 


Pro. = Vow x !o+Vae xX Ip 


-In order to distinguish between “steady state’? and “pulse” conditions 


the terms “steady state power (Ps)” and “pulse power (Pp)” are often used. 
The permissible total power dissipation is dependent upon temperature 
and its relationship is shown by means of a chart as shown in figure 3. 


A 
Prot 


Temperature 
Fig 3 


The temperature may be ambient, case or mounting base temperatures. 
Where a cooling clip or a heatsink is attached to the device, the allowable 
power dissipation is also dependent on the efficiency of the heatsink. 

The efficiency of this clip or heatsink is measured in terms of its thermal 
resistance (8n) normally expressed in degrees centigrade per watt 
(deg. C/W). For mounting base rated device, the added effect of the 
contact resistance (0;) must be taken into account. 

The effect of heatsinks of various thermal resistance and contact resistance 
is often inctuded in the above chart. 

Thus for any heatsink of known thermal resistance and any given ambient 
temperature, the maximum permissible power dissipation can be estab- 
lished. Alternatively, knowing the power dissipation which will occur 
and the ambient temperature, the necessary heatsink thermal resistance 
can be calculated. 

A general expression from which the total permissible steady state power 
dissipation can be calculated is: : 

Tj-Tamp 

0j-amb 

where 6;-amp is the thermal resistance from the transistor junction to the 
ambient. For case rated or mounting base rated devices, the thermal 
resistance 6j;-amp is made up of the thermal resistance junction to case 
or mounting base (8-mn), the contact thermal resistance (0i) and the 
heatsink thermal resistance (6h). 
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For the calculation of pulse power operation Pp, the maximum pulse 
power is obtained by the aid of a chart as shown in figure 4. 


meee ames ce 


d(duty cycle) = 


——— 
Pulse width 


Fig4 


the general expression from which the maximum pulse power dissipation 
can be calculated is: 
P, = Tj-Tamp—Ps x Oj-amp 
5 am: 

: Ot4+d(Ocase-amp) 
where 0; and d are given in the above chart and Ocase-amp is the thermal 
resistance between case and ambient for case rated device. For mounting 
base rated device, it is equal to 0,+ 0; and is zero for free air rated device 
because the effect of the temperature rise of the case over the ambient 
for a pulse train is already included in 0. 


Temperature Ratings 

Tj max The maximum permissible junction temperature 
which is used as the basis for the calculation of 
power ratings. Unless otherwise stated, the con- 
tinuous value is implied. 

Tj; max (continuous The maximum permissible continuous value. 

operation) 

Tj max (intermittent The maximum permissible instantaneous junction 


operation) temperature usually allowed for a total duration of 
200 hours. 
Tm The temperature of the surface making contact with 


a heatsink. This is confined to devices where a 
flange or stud for fixing onto a heatsink forms an 
integral part of the envelope. 

The temperature of the envelope. This is confined 
to devices to which may be attached a clip-on 
cooling fin. 


Tease 
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Section IV. Mounting and Soldering Recommendations 
1. MOUNTING OF “LOCKFIT”’ TRANSISTORS 


1.1. Mounting on printed-wiring boards 


The “Lockfit’’ encapsulation is usable with printed-wiring boards having 
either the standard e-grid or the more closely spaced e-grid. The relevant 
dimensions of these boards are given in Table 1. 


TABLE 1 
: Dimensions of Printed-wiring Boards 
cs —__—__—_—+ 
Hole Maximum 
Board Grid diameter board 
thickness 
e-board 254mm 1-050:05mm 1-7mm 
(O-tin) (up to 1-30mm allowable) 
e-board 0-635mm 0-80+0-03mm 1-Imm 
(0-025in) 
pe ee ee | 


The pins of “Lockfit’’ transistors each have three enlargements along 
their length, as shown in Fig. 1. At the tip is a spade-shaped (lock ‘B’); 
partway up is a tapered cross-piece (lock ‘A‘) that projects further left 
and right than lock ‘B’; and nearest to the body of the assembly is 
another cross-piece (lock ‘C’) that extends even further left and right 
than lock ‘A’. 


Hole spacing in either type of grid allows the insertion of the ‘‘Lockfit’ 
pins; but as the holes of the closely spaced e-grid are necessarily of 
smaller diameter than those of the other grid, the pins cannot be (or 
should not be) pushed in beyond the middle expansion — lock ‘A’. Thus 
the functions of the three locks are as indicated in Fig. ta for e-grid 
boards and Fig. 1b for e-grid boards. 


A 


~~ Lock C __—— Lock C 


“——— Lock A 7 eR 


rs ae 
‘e'grid Lock B € grid Lock B 
board board 


(a) (b) 05536 


Fig. 1 — Detail of “Lockfit’ pins, and function of three “locks” when used with 
(a) e-grid and (b) ¢-grid printed-wiring boards 
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1.1.1 Mounting procedure with e-grid boards 


The best insertion procedure with the e-(2:54mm) grid is as follows: 
(1) Place the rear two pins into their corresponding printed-circuit board 
holes with the transistor at a slight angle to the vertical (Fig. 2a). 

(2) Place the centre pin into the remaining hole by light pressure at a 
slight angle to the vertical on the device. Continue this light pressure 
until both the ‘A’ locks of the rear two leads are inside the holes (Fig. 2b). 
(3) Tiltthe device with light pressure from the rear until it is in a vertical 
position. Lock ‘A’ of the centre Jead will now enter the hole (Fig. 2c). 
(4) Move the device perpendicularly downwards with light pressure until 
all three ‘A’ locks snap into position beneath the printed-wiring board, 
and the ‘C’ locks rest on the upper side of the board (Fig. 2d.) 


Rear Rear 


(a) (b) 


Rear Rear 
ea ry 


Lock A Lock C Lock C 
Lock A Lock A 
Lock B Lock B 
(c) (d) 


Fig. 2 - Mounting procedure for ‘'Lockfit" transistors using e-grid printed-wiring 
boards ; procedure is similar for e-grid boards 
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1.1.2 Mounting prodedure with c-grid boards 


1.2 


The best insertion procedure with the «-(0-635mm) grid is as follows: 
(1) Place the rear two pins into their corresponding printed-circuit board 
holes with the transistor at a slight angle to the vertical. 

(2) Place the centre pin into the remaining hole by light pressure at a 
slight angle to the vertical on the device. Continue this light pressure 
until both the 'B’ locks of the rear two leads are inside the holes. 

(3) Tilt the device with light pressure from the rear until it is in a vertical 
position. Lock ‘B’ of the centre lead will now enter the hole. 

(4) Move the device perpendicularly downwards with light pressure until 
all three ‘B' locks snap into position beneath the printed-wiring board, 
and the ‘A’ locks rest on the upper side of the board. 

No attempt should be made to force lock ‘A’ through this type of board. 


Soldering 


For both boards, the temperature should not exceed 300°C and the 
application time should not exceed 3 seconds. 
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INTRODUCTION TO TECHNICAL DATA 


1. LEAD DESIGNATIONS 
Source S, s. Drain D, d. Gate G, g. Substrate B, b. 


2. SEQUENCE OF SUBSCRIPTS 


The first subscript denotes the terminal at which the current or voltage is 
measured, 


Where the reference terminal or circuit is understood, the second subscript 
may be omitted where its use is not required to preserve the meaning of 
the symbol. 


The letter O is used with three terminal devices as a third subscript only to 
denote that the terminal not indicated in the subscript is open circuited. 
The letter S is used as a third subscript to denote that the terminal not 
indicated in the subscript is short circuited to the reference terminal. 
The letter X is used as a third subscript to denote measurements taken 
under specified circuit conditions. 


2.1 Quantity Symbols 


V — Voltage 
! — Current 
P — Power 


with subscripts instantaneous value of varying component 


with subscripts instantaneous total value 

the r.m.s. value of the varying component or 
with appropriate subscript the peak (m) average 
(d.c.) (av) value of the varying component 

the no-signal (d.c.) value of or with the 
appropriate additional subscripts the total 
average value (AV) with signal or the total peak 
value (M) 


with subscripts 


with subscripts 


OnNoUNR*A Qwnogn2 *a 


vet TV THOS TOK 


The letter symbol usually indicates by two subscripts the two reference 
terminals. The first subscript indicates the terminal which is positive with 
respect to the second subscript. 
eg. 

Vps = 6V: Drain is 6V positive w.r.t. Source 


Vos = —6V: Drain is 6V negative w.r.t. Source 
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Reversal of the subscripts also changes the polarity sign 
For example the following statements are identical 
Vps = —6V; Vsp = 6V; —Vps = 6V 


The supply voltage shall be indicated by repeating the terminal subscript. 
The reference terminal may then be designated by the third subscript. 


Examples Vov, Vss, Vssp 


2.3 Current 


Conventionally, current which flows into the transistor terminals has a 
positive value. 


eg. Ip= tmA means 1mA flowing into the drain terminal 
(in the conventional sense) 


jy = —1mA means 1mA flowing out of the source terminal 
(in the conventional sense) 


az 
E 
L 
~ 
ao] 
HH 


No t 
signal With signal ——HW\——_ D113 


Examples 
Ip d.c, drain current——no signal 
Ipcav) Average (d.c.) value of total drain current with signal applied 
lpw Peak value of total drain current 
lpcaas) Root-mean-square value of total drain current 
ip Instantaneous value of tota! drain current 


Jain Peak value of the varying component of the drain current 
laamsy Root-mean-square value of varying component of drain current 
id Instantaneous value of varying component of the drain current 


The following are examples of the implied relationship 


Jom Sptavytdam: ip = dpayy tia: lors) = VI navy? + lacs)? 
To avoid any misunderstanding with maximum or minimum values the 
negative sign is always put in front of the letter symbol and not in front 
of the value given. 
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For example in quoting a limit value 
—ls max = 50mA 


and in quoting a spread value 

—Vpas) < 1:5V 
In devices having more than one terminal of the same type the terminal 
subscripts shall be modified by adding one number following the subscript 
and on the same line. 


Examples: 

Vois, Vaes, refers to a dual gate MOS device 

|\Vais1 ~Vaase] refers to a matched pair of junction FET’s 
where the gate-source voltage of the first device is referred to the gate- 
source voltage of the second device, as a modulus of their difference 
over a given temperature range. 


2.4 The first subscript in the matrix notation identifies the element of the 
four pole matrix. 


— input 

— output 

— forward transfer 

— reverse transfer. 

used to identify the circuit configuration. 
— common drain 

— common source 

— common gate 


ex *o- 


A second subscript may b 


ana 


Examples 


Cis Cos Crs 
Input, output and reverse feedback capacitances in common source 
configuration. 


3. TYPES OF FIELD EFFECT TRANSISTORS 
3.1 Junction gate Field effect transistors 


N-channel-junction FET 
‘(Ve(cs) < 0, Inss > 0) 
Ip 


I 
D OSS 
G Ss 


~V6s 


-VP(GS) 
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P-channel-junction FET 
(Veas) =O, lpss <0) 


-Ip 


3.2 Insulated gateM.O.S. field effect transistors 


Vv 
N-channel-M.0.S.-FET(depletion mode) PIGS) 
(Veas) < 0, Ipss > 0) 
Tp 
D 
B 
G Ss 
Ves 
N-channel-M.0.S.-FET (enhancement mode) 
(Veics) = O Ipss & 0) 
Tp 
D 
8 
G Ss 
Ves 
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P-channel-M.0.S.FET (enhancement made) 


(Vrics) < 9 Inss ® 0) 


-Ip 
| 
D 
B 
S S 


4. BASIC CIRCUITS CONFIGURATIONS 


D G Ss 
Output Input 
G 
Ss Input D] Output 
Input 


V6S 


Output 


B39808 
Grounded-source Grounded-drain Grounded-gate 
The source is The drain is The gate is 
common to input common to input common to input 
and output and output and output 


An additional subscript s, d or g may be used to identify the circuit 
configuration 


Example Cis is input capacitance with grounded source 


5. CHARACTERISTICS 


The characteristics are given in data sheets as either typical values 
and/or minimum and maximum values. Published curves are usually 
typical curves and are applicable only at the stated temperature. 
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Ip (mA) 


20 


Voss 
(Vgg=0) 
Note: this is the 
breakdown voltage 
of the device and 
Operation in this 
region is not 
recommended. 


Knee voltage 
Vos(sat) 


—Ves5(V) Vps{V) 


-P [B9809) 


5.1 Cut-off Voltage (Vrics)) 


The cut-off voltage Vyas) is the 
gate-source voltage for a given 
small value of drain current Ip at a 
stated drain source voltage Vps 


TEST CIRCUIT FOR Vp(as) B9810 


5.2 Drain-source short circuit Ipss 
current (lpss) 


The drain-source short circuit 

current |.pss) is the current flowing 

between drain and source with the Vps 
gate short-circuited to the source 

(Ves = QO) and at a stated drain- 

source voltage (Vps) 


TEST CIRCUIT FOR Inss 


B96811 
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5.3 Leakage currents 


less 


—— 
Ves 


+ 


B9812 


Gate-source leakage/current 
less 


= _Ipsv 
+ 
akg Vv 
S DS "e_ 
Ps ik 


B9814 

Drain-source leakage current 

Ipsv, at specified Vps and Vas 
and grounded source 


~— pps 
+ 
VpB = 


B9816 
Drain-substrate leakage current 
lops 


GENERAL EXPLANATORY 


NOTES 


~=—lpss 
+ 
Vos = 


89813 
Drain-source leakage current 
Ipss 
(enhancement mode device) 


=— Ispv 
—L V, 7 + 
47 6S SO 


69815 
Source-drain leakage current 
Ispv with specified Vsp and Vas 
with grounded drain 


<—Ises 
VsB . 


B9817 
Source-substrate leakage current 
Iss 


6. SMALL SIGNAL-Y PARAMETERS 


Four-pole equivalent circuit 


—=— %12 Vout 
=— Y94 Vin 


Mullard 


B9818 


G.E.N. Pagé7 


GENERAL EXPLANATORY FIELD EFFECT 
NOTES TRANSISTORS 


input admittance with output short 
circuited 


= reverse transfer admittance with input 
out ro short circuited 


forward transfer admittance with output 
short circuited 


Output admittance with input short 
circuited 


Y22 = Yo = tout Vin =0 


A second subscript on the y-parameter indicates the circuit configuration 
e.g. Yis = input admittance in common source configuration 
where yis is the complex form 
Yis = Gistjbis and bis = Cis 


For example 
Cis = input capacitance in common source 
and 
Crs = feedback capacitance in common source 


The forward transfer admittance in common source configuration at low 
frequency (e.g. below about 1MHz) is indicated in the following forms 


gM = gais = Qts = Yrs! 


at high frequency this parameter is a complex quantity and the modulus 
lyrs| is usually givenin the data with a specified frequency of measurement. 


ABSOLUTE MAXIMUM RATING SYSTEM 


7. Absolute maximum ratings are limiting values of operating and environ- 
mental conditions applicable to any device of a specified type as defined 
by the published data, and should not be exceeded under the worst 
probable conditions. 


These values are chosen by the device manufacturer to provide acceptable 
serviceability of the device, taking no responsibility for variation in 
equipment or environment, and the effects of changes in operating 
conditions due to variations in the characteristics of the device under 
consideration and of ali other devices in the equipment. 


The equipment manufacturer should design so that initially and throughout 
life no absolute maximum value for the intended service is exceeded with 
any device under the worst probable operating conditions with respect 
to variations in supply voltage, environment, equipment components, 
equipment control adjustment, load, signal or characteristics of the device 
under consideration and of all other devices in the equipment. 


Mullard 


G.E.N. Page 8 


FIELD EFFECT GENERAL EXPLANATORY 


TRANSISTORS NOTES 
7.1 Ratings (maximum permissible values) 
Vps max — _ Drain-source voltage 
Vpn max — _  Drain-substrate voltage 
Vsu max — Source-substrate voltage 
Vap max ~— _  Gate-drain voltage 
Vas max — Gate-source voltage 
Von max —  Gate-substrate voltage 
Ip max — Drain current 
ls max — Source current 
"lg max — Gate Current 
“applies only to junction F.E.T.’s if a forward-voltage is applied to the gate. 
7.2 Power Dissipation 
where T; max = maximum permitted junction temperature 
Tamp Max = maximum permitted ambient temperature 
Tease Max = maximum permitted case temperature 
Rthg-amp) = Thermal resistance junction to ambient 
Rth(case-amb) == Thermal resistance case to ambient. 
The limiting value of the maximum permitted device dissipation Pi.t max 
is stated for either T) max —Tamv max 
BMD Gear ee 
Reng-amp) 
and Prot max = Ty max —Tease max 
Rtncvase amb) 

8. SOLDERING AND WIRING RECOMMENDATIONS 

8.1 When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should, if possible, be 
kept to a minimum by the use of a thermal shunt. 

8.2 Transistors may be dip-soldered at a solder temperature of 245°C for a 
maximum soldering time of five seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1-5mm above a board 
having plated-through holes. 

8.3 Care should be taken not to bend the leads nearer than 1-5mm from 
the seal. 

8.4 If devices are stored at temperatures above 100°C before incorporation 
into equipment, some deterioration of the external surface is likely to 
occur which may make soldering into the circuit difficult. Under these 
circumstances, the leads should be retinned using a suitable activated flux. 

9. OPERATING NOTE (M.O.S. insulated gate F.E.T.’s) 


Mounting and handling instructions 

To exclude the possibility of damage to the gate oxide layer by an 
electrostatic charge building up on the high resistance gate electrode, 
the device is fitted with a conductive rubber ring around the leads. This 
ring should not be removed until after the device has been mounted 
in the circuit. 
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SECTION VI 


Safe Operating ARea for power transistors 


INTRODUCTION 

One of the main restrictions in the operation of power transistors is the phenomenon 
known. as ‘second breakdown’. This is the name given to a transistor condition 
whereby the collector-emitter voltage abruptly switches from a high to a low 
voltage with increased current. 

A diagram illustrating the output characteristics of a power transistor is shown 
in Fig. 1. It is not representative of any particular device but merely serves to 
demonstrate the Ic against Vox. characteristics of a transistor asit goes into second 
breakdown. On the horizonial axis the forward and reverse-biased base regions 
are Clearly grouped, with the base open-circuit condition dividing the two regions. 

The transistor will enter second breakdown at a certain critical current value 


Collector 
current 


| ‘ 

\ 

\ 

SES 

ae 

| \ \ Locus of second breakdown 

\ \ critical current points for dc. 
\ N Se and pulse operation 


4 5 
| Nolvone:dtop. 1p second ¥, Vego Collector-emitter voltage 


breakdown 


Base forward biassed Base reverse biassed 


Fig. 1—Output characteristics of a power transistor 
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which is low at high collector-emitter voltages and higher at low voltages. Three 
loci for critical current values are shown on the diagram; these represent d.c., 
pulse, and short pulse operation. The extension of the second-breakdown locus for 
pulse operation is dependent on the pulse duration tp and also, to a lesser extent, 
on the duty cycle d (see Figs. 2 and 3). Thus the greatest extension is permissible 
with single-shot pulses (d = 0-Q1) of short duration, say 10us. (The value d = 0-01 
can be considered as single-shot because there is ample time for cooling between 
power pulses). 


Observation of second breakdown 

Consider the Ic against Vex characteristic ABCDE shown in Fig. 1. At point B 
the device goes into avalanche, otherwise known as first breakdown. At this point 
the collector current starts to rise sharply for very little increase in the collector- 
emitter voltage. If the current is allowed to increase up to a critical value at C the 
device will enter second breakdown. This is noted by an abrupt switching of the 
collector-emitter voltage to a low value at point D. In second breakdown the 
device offers only a very low resistance to collector current, and is invariably 
destroyed if the current is not specially limited by a circuit external to the transistor. 
Beyond point C the process is generally’irreversible whereas up to point C in 
avalanche the trace can be returned with no serious alteration to the transistor 
properties. It is in the forward-biased mode of operation that the phenomenon of 
second breakdown has been extensively studied over recent years, and a method of 
presenting the Safe Operating ARea (abbreviated to SOAR) is now being published 
in Mullard data for power transistors. 

_In many applications, however, the reverse-bias breakdown characteristics are 
also of importance. For example, when a power transistor with an inductive load 
is turned off by reverse biasing the base, the collector voltage will rise above the 
supply voltage because of the stored inductive energy of the coil. For such applica- 
tions transistors have been developed which permit excursions outside the Vcromax 
rating under specified conditions. 

With reverse bias on the base, second breakdown is always preceded by first- 
breakdown. At low collector currents the voltage across the transistor can exceed 
the Vcro rating as shown in Fig. 1~In first breakdown, or avalanche, the device 
goes through a negative resistance region until a critical current value is reached at 
which point the collector-emitter voltage abruptly switches to a very low value in 
second breakdown. 

Second breakdown in the transistor is usually caused by current concentration 
at a point in the emitter active area; this is described in detail elsewhere(!) 


SIMPLE METHOD OF USING PUBLISHED SOAR CURVES 

In addition to the methods described in the MTC article |) sufficient SOAR 
information is provided in the published data of each power transistor to cover 
90% of all applications. 


‘OTP 1454 reprinted from MTC No. {22 APRIL 1974 
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Thus, in most cases the user will merely select the appropriate SOAR curve 
already constructed—without having to calculate and manipulate Ms; values. 

In general, the data provides SOAR curves for pulse durations in multiples of 
1, 2, 5, and 10, starting at pulse durations in the region 10 to SOus. The families of 
curves are plotted at duty cycles of 0-01 (single-shot) 0-1, 0-2, 0-5, and 1-0 (d.c.). 
The transient thermal impedance curves are also included so that the operating 
mounting-base temperature can be calculated. Typical SOAR data curves for duty 
cycles of 0-2, 0-5-are illustrated in Figs. 4 and 5. 

These curves will be used in the examples that follow. 

In the few applications (about 10°) which are not covered by the published 
SOAR curves, the user can derive Msn curves from the single-shot and d.c. SOAR 
information, and construct the boundaries using the method fully described in 
the reference TP 1454 

All Mullard data, including pulsed power ratings, assume the use of square 
waves and resistive loads. Therefore, the system for using the SOAR and transient 
thermal impedance curves to be described deals with this type of waveform first, 
and then methods for other practical cases will be considered. It is assumed that the 
electrical and time conditions are the fixed parameters of an application at the design 
stage, and that the thermal conditions can be most easily adjusted. The maximum 


c/w) 


(j-mbydeg 


Transient thermal impedance Z;y, 


Pulse duration tp (ms) 


Fig. 2—Typical thermal impedance curves at various duty cycles 
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power must be calculated at the worst-case condition; when the worst-case condition 
is not obvious, all discrete sets of conditions need to be assessed. 


ia ene 


45/8 


Fig. 3—Relationship between duty cycle (d), pulse duration 
(t,) and period (T) 


Construction of SOAR using published data 


The procedure for constructing a SOAR for one specific set of conditions is des- 
cribed with reference to the curves shown in Figs. 4 and 5, and to the transient 
thermal impedance curves in Fig. 2. 


1) Note the pulse duration tp (for example, !-7ms). 

2) Note the time between pulses (T —tp) (for example, 2-9ms). 

3) Calculate the dutycycle d from the equation d = t,/T (in this example 0-37). 

4) Note the peak collector current lcm (for example 300mA). 

5) Note the peak collector emitter voltage Vcrm (for example, 35V). 

6) Select the SOAR curve with time conditions greater than or equal to the time 
conditions of the application (in this example, for d = 0-37 use d -= 0-5 and for 
tp = 1-7ms use tp = 2-Oms). 

7) Plot the point given by the specific lo) and Vcrm values, shown as point Q in 
Fig. 5, 

8) The point Q is acceptable if it is contained within the area of the 2ms/0-5 SOAR 
as shown in this example. 


Thermal calculations 


The maximum permissible mounting base temperature is now determined as 
follows :— 


1) Determine peak power by multiplying Ica by Vcr. 
2) Calculate the transient thermal impedance for 1-7ms at 0-37 duty cycle. 
The equation used is: 


Zentay ={Ren—Zinito}d + Zenitoy, 


Where Zinta) is the thermal impedance for pulse duration t at duty cycle d, and 
Ztn(to) is the thermal impedance for pulse duration t at duty cycle d = 0-01 (from 


Fig. 2). 
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3) Calculate the difference between the junction and mounting-base temperature 
from: 


(Tj —Tmp) =Ztnitay X lom X Vor. 
4) Calculate the maximum permissible mounting-base temperature Tmymax from: 
Tmpmax =Tjmax —(Tj —Tmp). 


5) A heatsink which limits the mounting-base temperature to this value is required. 
The thermal capacity of the heatsink will be such that the transient effect of the 
power will be averaged. Hence the thermal resistance is calculated using average 
power. Thus: 

Tmpmax — Tamp 
Rtnin-a) = oe es Rtnmd ndegC/W, 
lom X Vcem Xd 
Where Ritnin-a) is the thermal resistance of heatsink to ambient and Rtnimp-n) IS 
the contact thermal resistance. 


6) The physical size of the required heatsink can be determined from heatsink pub- 
lished data or from the nomogram in Appendix 1. 


Operating selected outside SOAR 


Suppose the application had required an Icm of 400mA instead of 300mA. In this 
case the point P on Fig. 4 would be given. Point P is outside the 2ms area which 
indicates that the condition may be unacceptable. Thus a closer approximation to 
the true conditions is necessary. 


1) Using linear interpolation between the 1 and 2ms curves at d = 0-5 (Fig. 5) 
draw a SOAR curve for tp = 1-7ms. If point P is within this area then the con- 
ditions are acceptable and the heatsink thermal resistance can be calculated. 


2) If point P is outside the 1-7ms area, then determine the |-7ms area on the family 
of curves for d = 0-2 (Fig. 4). A further linear interpolation between the two 
1-7ms areas is then needed to approximate to the 1-7ms SOAR at duty cycle of 
0-37. 

3) If point P is outside this area, then the condition is unacceptable, and a different 
transistor should be considered. 


The above method is not absolutely accurate, but the approximation errors in- 
volved are allowed for in the published data tolerances. More accurate calculations 
can be made by going back to first principles, and calculating the multiplying factor 
for the specific condition. /) 


GITP 1454 reprinted from MTC No. 122 APRIL 1974 
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PRACTICAL APPLICATION 
This section discusses a typical application in which power transistors are used. 


Audio application 

The example describes how the output transistors of an audio amplifier are 
checked for excursions outside the specified SOAR when the amplifier is being 
tested under a sinewave overdrive condition. 


This example describes how the SOAR curves are used to check the suitability of 
the BD131 power transistors in a television audio amplifier application. The 
amplifier is a class A design capable of delivering an output of 2W. The circuit 
configuration is shown in Fig. 6. 


V supply 


V drive 
TRI 


Test 
resistor 


Feed back 


i 
265/29 
Fig. 6—Circuit configuration of television audio output stage 
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The amplifier provides the required output power but the second breakdown 
acceptability has to be checked, and the thermal requirements of the heatsinks are 
to be calculated. 


In this example the SOAR acceptability is considered in the event of the transis- 
tors being overdriven by a sinewave signal of period 960us. A test resistor of 0:1. is 


Oscilloscope 


010 


6O5/ 30 


Fig. 7——Method of connecting dual-trace oscilloscope to 
obtain simultaneous display of Ic and Vc¢_ 


Vee 
(Vv) 
30 
20 
10 
0 
0 100 200 300 400 S00 600 700 800 900 1000 
Time (ys) 
Ic 
(mA) 
300 
200 
100 \ 
\ 
0 fe. 
0 100 200 300 «400 S00 600 700 800 900 1000 
Time (ps) 


Fig. 8-—Vc¢ and I, characteristics 
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inserted in the emitter circuit of the lower transistor TRi. A simultaneous display 
of the Vcr and Ic waveforms is then obtained by connecting the probes of a dual- 
trace oscilloscope in the manner shown in Fig. 7. The traces of Vcz and Ic taken 
from the oscilloscope are shown in Fig. 8 and the measurements from the wave- 
forms are recorded in Table 1. These readings were recorded every 20us through 
the complete cycle of 960us. In the final column of Table 1, values of instantaneous 
power are calculated and plotted against time in Fig. 9. This curve is then converted 
intc a series of equivalent squarewave pulses having the same peak power values as 
the actual pulses. The equivalent squarewave pulses are shown by the dashed line 
and are marked Pj, Pe, and P3 in Fig. 9. 


Each pulse is then checked individually. The duty cycle for each equivalent 
squarewave pulse is calculated, and the Vcr and Ic values recorded over the dura- 
tion of the pulse are checked on the appropriate SOAR curve. 

TABLE 1 


Measured values of Ic and Vcr and derived Pitot) obtained 
from oscilloscope display 


Time Ic Vcr Pitot) 
(us) (mA) (V) (W) 
0 260 2 0-52 
20 220 6 1-32 
40 180 12 2:16 
60 140 16 2:24 
80 90 20 1-80 
100 50 25 1-25 
120 5 29 0-15 
then no important changes until 
500 P) 25 0:14 
520 40 25 1-00 
540 80 20 1:60 
560 130 15 1-95 
580 180 10 1,80 
600 220 5 1-10 
620 260 1 0-26 
until 

940 280 1 0-28 
960 260 0°52 
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Consider pulse Pi: the equivalent pulse time tp1 is 82-5us and the total cycle 
time T is 960us. Therefore the duty cycle di is 82-5/960 or 0-086. The Vcx and Ic 
values recorded up to the end of the pulse time tp: are then plotted on the SOAR 
curve for d = 0-1 as shown in Fig. 10. The locus of this plot falls well within the 
tp = 100us limit, therefore this condition is acceptable. In figs. 10 to 12, the 5mA 
point is plotted on the 10mA_ line for convenience, this makes no difference to the 
result. 

The same procedure is followed for checking the acceptability of pulses Pe and P3. 
For Pz the duty cycle is 420/960 or 0-44; thus the Vcr and Ic measurements recorded 
for pulse Pz are plotted on the SOAR curve for d = 0-5 as shown in Fig. 11. For P3 
the duty cycle is 70/960 or 0-073, so the Vcr and Ic measurements recorded for pulse 
Ps are again plotted on the SOAR curve for d = 0-1 as in Fig. 12. 


In all three cases the pulse conditions are acceptable since not even the d.c. 
SOAR limits are exceeded. Thus, the transistor will not fail through second break- 
down even when the amplifier is continuously overdriven. 


Heatsink calculations 


The heatsinks have to be designed to keep the junction temperature below the 
rating of 150°C. The known thermal restraints are the standard ambient tempera- 
ture of 60°C allowed for in television enclosures, and the thermal impedances 
associated with the BD131. The thermal impedance curves for the BD131 are shown 
in Fig. 13, and the contact thermal resistance Rinimp 2) is 1 degC/W. 


100 
7 


Zenit) 
(deg can. 


Zenit =!Renisi-Ztnitoy) F + Zthito} 


Hy Renrsy = Steady state thermal resistance, d=1 
Zen ttor = Transient thermal impedance, d=0 


Pulse duration (s) 


Fig. 13—Thermal impedance curves for BD131 
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The calculations used to determine the size of the required heatsinks involve 
average power values, as follows: 
Tmpmax —Ta 


Renin-ay=———5 ——— — Rent», ane) 
av 


where: Tmpmax =Tjmax — (Tj —Tmp)max. ...(2) 


Tjmax —(Tj —~Tmv)max —Ta 
Pav 


Therefore: Rin ( )Renomn-m ... 3) 


Two average powers have to be considered;that during the overload condition 
and that during the quiescent state. Since this is a class A amplifier, 2W will be 
dissipated in each of the output transistors during the quiescent condition, and this 
will be the d.c. bias condition. Under the overload condition the average power 
value is calculated as follows: 


| average heat input per cycle 


| =[(tp1 x P1) +(tp2 X P2) +(tps x Ps))/T, .. (4 


=[(82.5 x 2.24) +(420 x 0.15) +(70 x 1.96)]/960 = : =0.4W. 


The calculation of heatsink sizes should be determined under worst-case condi- 
tions. This occurs when the quiescent state is followed by the overload conditions. 
Since the average overload power is less than the quiescent power the first cycle of 
overload will define the (Tj —-Tm»p)max. 

The maximum value of (T;—Tmp) is to be the greater of the two values given 
by the equations (5) and (6) below. 


(Tj; —Tmp)max =Pe X Rtn +(P1—PaQ)Ztntps, .. (5) 


and (Tj—Tmp)max = Pa X Rin +(Pi —P@)Ztn(tpi + tp2+tps) 


—(Pi —P2)Zin(tp2 +tps) +(P3 — P2)Ztntps, .. (6) 
where: 
quiescent power Pag =2W tp3=70us 

Pi =2.24W Rtn=6degC/W 
P,=0.15W Ztntp1 =0.72degC/W 
P3=1.96W = Ztn(tp1+tp2+tp3)=2.0degC/W 
tp1 =82.5us Ztn(tp2 + tp3) = 1.8degC/W 

tpi ttp2+tp3=572.5ys Zintp3 =0.63degC/W. 


tp2+tps =490.0us 
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Mt 


Thus, Eq. 5 becomes: 
(Tj —Tmp)max =(2 x 6)+(0.24 0.72) =(12+0.2) =12.2deeC. 
Eq. 6 becomes: 
(Tj —Tmv)max =(2 x 6) +(0.24 x 2) —(2.09 x 1.8) + (1.81 0.63), 
=12+0.48—3.76+1.14 =9.9degcC. 


Therefore the maximum value of (Tj;—Tm») is 12.2degC from Fq. 5. 


Thus Eq. 3 becomes: 


150—12.2—60 
2 


Ren(h-a) = ( ) —1 =37.9degC/W. 


Therefore the maximum value of (Tj—Tmp) is 12.2 degC from Eq. 5. 

Therefore heatsinks used for the BD131 transistors in this application should 
each have a thermal resistance of 37degC/W or less. The foregoing calculations 
assume a contact thermal resistance value of 1degC/W, which is true only if a heat- 
sink mounting compound is used. 


APPENDIX I 
Transistor heatsink sizes 


‘The heatsink size for any transistor can be found from the nomogram shown 
in Fig. 14 provided that the power dissipation is no greater than 100W, and that 
the heat is dissipated by free convection. This nomogram should not be used where 
forced air. cooling is employed, or where heatsink material other than aluminium 
is desired. The nomogram is operated as follows, with reference to the simplified 
curves in Fig. 15, 
1) Calculate the worst-case dissipation Ptormax.and hence the thermal resistance 
of heatsink to ambient Rin(h—a). Thus: 
Tmpmax —Tampb 


Rthin—ay = p — Rthimp—n) 
tot 


2) Enter the nomogram in section | of Fig. 15. Move horizontally to the left until 
the appropriate orientation (either horizontal or vertical) and the appropriate 
surface finish is reached. 

3) Move vertically upwards to intersect appropriate power dissipation curve 
(Ptot) in section 11. 

4) Move horizontally to intersect the curve in section II for the desired thickness 
of sheet aluminium heatsink. If an extrusion is required, move vertically upwards 
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SOAR GENERAL EXPLANATORY 
NOTES 


from the point of intersection on the chosen extrusion curve and read off the 
required length on the top horizontal scale. (The 30D and 40D are shown in 
outline in Fig. 16. These types belong to the family of extrusions which has been 
used with Mullard power devices requiring special heatsink considerations, such 
as thyristor stacks and power rectifiers. Similar curves for alternative extrusions 
could also be plotted in section IIT using the heatsink manufacturer’s data 
relating Rinin--a) and power, and length). 

5) Move vertically down from point A in section III to intersect with the appro- 
priate curve for the transistor encapsulation style. 

6) Move horizontally to the left and read off the required area of one side of flat 
aluminium heatsink. 

7) The heatsink dimensions of height to width should not exceed the ratio 1:25:1. 


oc lena of extruded heatsink Cn) SS] 
1 i) 100. b65/67 
type of heatsink power dissipation 20 
+ + TOW, 
thickness of flat aluminium “T Sw 
haotsink (mm) ; 
Iw, 
4 [ 
t sow 
2 i a 
# extrusion 
type 30D hh 2 Sat Waaca at Bg Tg ae r 
TTI = Trt {-—-} 
100W, 
+ 3 + 
Kextrusion 
type 400 


orientation and 
surtace finish 


type of envelope 


——z 
‘4 
Lit 
ST 


Ht +4 = 
bright horizontal 3 
bright vertical z 
blackened horizontal 2 
blackened vertical a“ 
00 N0 = 
1 ra 
7 { 5 
ee 
-3 and 10- P3 (plastic) \ 
“88 ond TO- 220 plastic) 3 
-39 
126 Y 


+ i. 


EZ Saal 


Fig. 14—Heatsink nomogram. *(For outlines of extrusions see Fig. 16.) 
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--———— area of one side of flat heatsink (cm2} 
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length of extruded 


heatsink {cm} 445/48 


section IT section 0 


| 


power 
heatsink dissipation { 
| type of orientation and! 
3 envelope surface finish , 
oe 
° 
J 
vs 
Sa 
E 
Vy Vv 
gu 
S. x 
One 
w 
ow . . 
9s section IV section J 
tome = 


Fig. 15—Simplified nomogram 


Rin in-a) (deg C/W) 


ae max 109 | 
i rel 


(a} 30000 MX 


im 


max 
(b) 40D EO 


ere 109 —__~__-_____»| 


All dimensions in mm 


Fig.16—Outlines of extrusions: (a) 30D, (b) 40D 
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TRANSISTORS 


HI 


Hit 


GERMANIUM N-P-N 
HIGH-GAIN TRANSISTOR 


AC127 


Germanium n-p-n high gain alloy junction transistor intended for 
complementary symmetrical Class 'B' output stages. TO-1 construction 


with envelope isolated, 


[ QUICK REFERENCE DATA 
Vag max. (ly = 9) +32 Vv 
VorR max. (Rap < 60Q) +32 Vv 
I cM max, ; 500 mA 
Prot max. (Tomb = 25 C) 340 mW 
hog typ) @, = 500mA) 50 
Ep (typ) 2.5 Me/s 

ee 

RATINGS 


Limiting values of operation according tothe absolute maximum system as 
defined in publication 134 of the International Electrotechnical Commission, 


Electrical 
Vv CB max, a, =0) 
vV CER ™% RR. 
CM 
c(Av) ™ 
EM 
E(AV) ™ 
BM 
Ip (AV) max, 


Prot max. 


BES 602) (see page C1) 


max. 


I 
*] 
I max, 
*1 
I 


max, 


*Averaged over any 20ms period. 


Thermal 


TT. min, 


7 max, 


T. max, (intermittent operation, 
total duration = 200 hours) 
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+32 
+32 
500 
500 
525 
525 

25 

25 
340 


100 


2RERRER << 


AC127 Page Di 


THERMAL CHARACTERISTICS 


©; amb (in free air) 0.37 degC/mW 
8, 0.11 degC/mW 
j-case 
9, in free air with cooling 
d-azab clip as shown on page D4 0.22 degC/mW~<- 
95_amb in free air with cooling clip 


giving good thermal contact 
mounted on a heatsink of 16 s.w.g. 


aluminium, minimum area 12.5cm 0.16 degC/mW 


ELECTRICAL CHARACTERISTICS (Tomb =25°C unless otherwise stated) 
Min. Typ. Max. 


Collector-base breakdown voltage V 


(BR)CBO 
1, =500pA +3200 - - 
Emitter~base breakdown voltage V (BR)EBO 
Le = 200A +100 - - 
Collector knee voltage Vv CE(knee) 
1,=500mA, (see fig. 1) - - 41.2 
Base emitter voltage Var 
=+ | - +120 + 
Yop 5V, I, 2mA 
Vopr? 1, =500mA - - 41.2 
Collector cut-off current I CBO 
=+0, 2 a 
Vop 0.5V 10 
Emitter cut-off oer TRO 
=+ =95 - - 
Vip 5V, T; Cc 550 
Large signal forward born 
current transfer -atio 
Vop=? 1, =20mA 50 - 200 
La =500mA 25 ~ 143 
Ty 
(mA) 
550F - - 
{ 
! 
t 
| 
| 
i 
Vee (knee) Ve (V) 
Fig lt. 
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GERMANIUM N-P-N 
HIGH-GAIN TRANSISTOR ACI27 


Min. Typ. Max. 


Intrinsic base resistance TE! 
= = =4 a O° 
Yop +5V, le 1imA,f{=450ke/s 7 2 
Collector depletion capacitance Cro 
=+ = = at = 
Von t5V, 1,70, £ 450ke/s 70 pF 
Transition frequency fr 
Vop@t2V, 1, =10mA 1.5 2.5 - Mc/s 
Common emitter cut-off a 
hfe 
frequency 
Von 7t2V, 1, =10mA 10 20 - ke/s 
Noise figure NF 
Vop 7 t5V, Ty =500uA, 
f=1ke/s - 4 10 dB 


SOLDERING AND WIRING RECOMMENDATIONS 


1, 


co 
. 


When using a soldering iron, the transistor may be soldered directly 
into a circuit, but heat conducted to the junction should if possible be 
kept to a minimum by the use of a heat shunt, 


The transistor may be dip-soldered at a solder temperature of 245°C 
for a maximum time of 5 seconds. The case temperature during dip- 
soldering may exceed the maximum storage temperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115 C, 
This recommendation applies to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a 
board having plated-through holes, 


Care should be taken not to bend the leads nearer than 1.5mm from the 
seal, 
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A— 
Conforms to V.A, 
J 


Sm 
BO 
ap 
38 
ri 
mR 
~ 
B 
i) 
um 
o 
ii) 


e c 
'b c 
_¢@ WS [a ee 
C E 4 
TT 
oF 
b D ° 
= 
DIMENSIONS (in millimetres) G 
Min, Nom, Max. 
A = - 6.5 
B = - 6.1 
c = - 9.4 
D - 1.8 ~ 
E a - 1.5 
F 38 - a 
G = 0.43 ~ 


Nominal dimensions in mm 
Type a. Type b. 


Part No. 56227 Part No. 56226 
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ACI27 


HIGH-GAIN TRANSISTOR 


‘GERMANIUM N-P-N 


48, 


yA 4 


0} @pDUW ag JSNUI UOISIAOIe 
LELOV 


-EMITTER VOLTAGE PLOTTED AGAINST 


BASE EMITTER IMPEDANCE 


MAXIMUM COLLECTOR 
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AC1I27 PET 
500 soegneseaueaen 
mA sane 
400 5m 
4MA Ft 
TT | 
300 
3mA 
I 
5mA 
10[,(mA) § 0 65 Voe(V) +00 
jee rack 
vce oat i 
4 7; =25 Citi! 
| 
VBE 
(V) fe 


TYPICAL CHARACTERISTICS 
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GERMANIUM N-P-N 
HIGH-GAIN TRANSISTOR ACI27 


‘ca0F: EEEEEA aci27 EAE 
EEC a 


20 40 60 


COLLECTOR-BASE CUT-OFF CURRENT PLOTTED AGAINST JUNCTION 
TEMPERATURE 
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2907 


a 


i 


He 


HHH 


SGGG0 i080 see 


I, 
(mA) 7 


8 


6 


+50 
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COMMON EMITTER INPUT CHARACTERISTICS FOR LOW EMITTER 


CURRENTS 


Mullard 


AC127 Page C4 


GERMANIUM N-P-N ACI27 


HISH-GAIN TRANSISTOR 


500 in f 'p ax. Ac 127 82903 
I, i [I t 
(mA) 
124 
in $—+ + 
400 r 
i eo 
300 
vp =OV 
lamb = 25°C 
TL Typical characteristic spread 
200/444 
a2 af 
| | 
iN + — i at 
root 1 
+ +—+ 4. 
ed ae [ a + TT 
1 Tat [ [ 
4 | | im [ 
0 ef a 
0 +05 el VeetW) aS 


COMMON EMITTER INPUT CHARACTERISTICS FOR HIGH EMITTER 


CURRENTS 
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127 \fmax— 
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C 
| 


f 
| 


< 
To 
Q 
ay 
booed 


COMMON EMITTER TRANSFER CHARACTERISTICS FOR LOW EMITTER 
CURRENTS 
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ACI27 


GERMANIUM N-P-N 


l02¢ € 


ae a 
Ce 


HIGH-GAIN TRANSISTOR 


COMMON EMITTER TRANSFER CHARACTERISTICS FOR HIGH EMITTER 
CURRENTS 
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P-N-P GERMANIUM MEDIUM AC128 AC128/01 
POWER TRANSISTORS 2-AC128 2-AC128/01 


The AC128 is a p-n-p alloy junction medium power audio transistor in a TO-1 
envelope, primarily intended for operation in class A and class B output stages. 


The AC128/01 is electrically equivalent to the AC128, constructed integrally with a 
heat conducting block. 


The 2-AC128 and 2-AC128/01 consist of two AC128 and two AC128/01 transistors 
respectively, matched to operate in low distortion class B circuits. 


QUICK REFERENCE DATA 


o 
tot ™* amb 2200) 


a4 max, 
hep (Ia = 50mA, Vor = 0) 


f, typ. (-I, = 10mA, -V 


T = 2V) 


CE 


OUTLINE AND DIMENSIONS (see also page 2) 


Conforms to BS3934 SO-21/SB3-10 
J.E.D.E.C. TO-1 


AC128 


15™* (not tinned) 


5gmox 


0.48™* 


9,4,max L 38.1 min 


7208065) 


All dimensions in mm 


The coloured dot indicates the collector 


Accessories available: 56226, 56227 
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OUTLINE AND DIMENSIONS (contd. ) 


AC128/01 
¢ dent F] 
15™°* (not tinned) 3 
2 — Eve ——" 
- g ” —————] 
e 
, i 4 . 
Ramo 157m" 3e4™"" 
7Z00662 
All dimensions in mm 
The dent indicates the collector 
RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 
-V CBO max. 32 Vv 
-V CEO ™4*: 16 Vv 
x - 
V CER max. (Rpp <4002) 32 Vv 
Vino max. 10 Vv 
Iq max. 1.0 A 
-] cm aX: 2.0 A 
TEM max. : 2.0 A 
fg : : ; 
Prot max. (Te nb <20°C, with cooling clip 56227 
on a 1.5mm blackened aluminium heatsink 
of 12. 5em?; see also page 4) 1.0 W 
Temperature 
T -55 to +100 e 
stg % 
a max. (continuous) 90 Cc 
THERMAL CHARACTERISTICS 
Ray (j-a) Thermal resistance from junction to 
, ambient in free air AC128 AC128/01 
without cooling clip 290 180 °C/w 
with cooling clip 56227 140 - °C/W 
with cooling clip 56227 on a 1.5mm 2 
blackened aluminium heatsink of 12.5cm 80 70.5 °c/ Ww 
with cooling clip 56227 on infinite heatsink 55 - c/w 
Ringj-c) Thermal resistance from junction to case 40 45 °C/W 
ACT28 with — Rinij-c) Rthic-h) Rth(h-a) 
cooling clip 
56227 = A = ed cl ee 
Ls £0°C/ WwW 15° C/W 
AC128/01 —™ 45°C/W 0.5°C/W 
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P-N-P GERMANIUM MEDIUM 


POWER TRANSISTORS 


ELECTRICAL CHARACTERISTICS (Tamb 72 © unless otherwise stated) 


VoRK 


FE 


Collector cut-off current 


1,0, Vop= lov, * 


AC128 AC128/01 


2-AC128 2-AC128/01 


Min. 


=25°C : 


=0,- = =25° ~ 
1,=0, Vop wav 25°C 


Emitter cut-off current 
1,=0, -V_,=10V, T. 
Cc J 


EB 
1Q70 Vip 


Base -emitter voltage 
IF 50mA, V Cc 


1, =300mA, Vop= 


Bp? 


Collector knee voltage 


=5V, T.= 
J 


=25°C - 
75°C - 


AG =1A, -I, =the value for 


B 


which Io =l,1lA at -V._=1V 


t 
| 
{ 
! 
| 
\ 
! 


| 


CE 


Typ. 


~Voek 


! 
| 
| 
4 
I 
! 
! 
) 
\ 
se 
1 


Static forward current transfer ratio 


I, =50mA, Vop=? 


“1, =300mA, Voge 


AQ=lA, Vop=? 


0 


Transition frequency 
I, =10mA, Vor =2V 
Cut -off frequency 
ave =1l0mA, Vor =2V 
Collector capacitance 
Ie =1,=9, Vogt 
Base resistance 


Te =lmA, Vor =5V 
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“Vee (V) 


Max. 

10 pA 
200 pA. 
200 pA 
500 pA 
300 mV 
450 mV 

0.6 Vv 
175 
175 
165 
© MHz 
ad kHz 
to pF 
- Q 
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ELECTRICAL CHARACTERISTICS (contd. ) 


Min. Typ. Max. 
Small signal current gain linearity 
A, at 500mA where A, = loaded small 

A max. ’ signal current gain 0. 50 0. 60 - 
her Ratio of static forward current 
ee transfer ratios of matched pair 

FE2 2-AC128 
jel= 50mA, Vop7 - 1.1 1.25 
|1,,|= 300ma, Vop79 - Ll 1,25 


Heatsink material: 
1.5mm_ blackened aluminium 
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P-N-P GERMANIUM MEDIUM AC128 AC128/01 
POWER TRANSISTORS 2-AC128 arAGt28 (0 


vA 


= 
| | | 
Per) LY] 
YW 
Seer eee 


7 
[Ty 
a 
a 
Tt 
a 
= 
| | 
Ww 
oO 
> 
' 
Ss 
a 


SRRRRRERERee 
SRGRRRESESEEED 4 
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i 
Hi 
a7, 
9 A 
0 10 20 -Ig (mA) 
3859 
Vep=0 
Tamb=25°C 
cot 
1000 min] |t 
le 
(mA) i 
TY 
500 
J] 
0 
0 500 1000 
—Vee (mv) 
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i) 100 200) =Ig (yA) 


-Vpe decreases by about 2.3mv/°C with 


increasing temperature 
-Vpe decreases by about 0.4mW/°C with 
increasing collector—emitter voltage| 
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P-N-P GERMANIUM MEDIUM AC128 AC128/01 
POWER TRANSISTORS 2-AC128 2-AC128/01 


el ee es a | 
a PE CR OT I a aS 


seat 


a a oo a Ge ee A 
v, 
EH Fa A 
Bee 
4 + 
=e 
| | 
Io 
i 
a 
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mn 
t+} 4 
feces 
Sones 


f 
ane Rim 
= 


= 
[ 4 


150 A;=Smail signal current amplification with sliding collector—emitter| 
voltage at Vo=10V and R, =162 
| 
+4 
mn as 
i ame im poy 
hee Ai 
CC Co 
— 
Peereeer LH H 
100 + + an Es 
ak ;_| 
hee at -Voe=1V typ L 
set TT 
ae T tT 
Le L ! 
{Tr 
50 
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COMPLEMENTARY GERMANIUM ACI28 
MEDIUM POWER TRANSISTORS ACIT6 


N-P-N (AC176) and P-N-P (AC128) germanium alloy junction transistors 
for use in complementary symmetrical class 'B' output stages for radio 
receivers, amplifiers and tape recorders. For information on the individual 
types reference should be made to the relevant data sheets. 


QUICK REFERENCE DATA 
AC128 


. (cut -off) 


= 45°C) 


= 60°C) 
t max. 
. =0, =1, 80 
hop P+ (Vog70, 1.71.08) 
f_ min, 1.0 


T 
Matching ratio for matched pairs see page 3. 


OUTLINE AND DIMENSIONS 
Conforms to J,E.D.E.C. TO-1 
V.A.S.C.A. SO-21/SB3-10 
Millimetres 


Min. Nom. Max. 


“Qt ef YU aw > 
1 
= 
cn) 
i 
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OPERATING CONDITIONS IN CLASS 'B' COMPLEMENTARY SYMMETRICAL 
OUTPUT STAGE 


B4952 


*Nominal supply voltage -24 -24 vV 
Power supply internal resistance 20 20 Q 
Load resistance 25 15 Q 

**Thermal resistance OF edaainib 
per transistor 40 20 degC/W 
{Load power 
Speech and music 2.0 3.0 Ww 
Sustained music 1,5 2.7 Ww 
Sinewave 1.4 2.1 Ww 
Driver quiescent current 11.5 18 mA 


Nominal driver current 


(r.m.s.) for P = 50mW 0.65 0.8 mA 
load 
Peak collector current 485 675 mA 
Peak load current 405 620 mA 
R, 330 180 
R, 680 470 Q 
TR, 100 40 Q 
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COMPLEMENTARY GERMANIUM ACi28 
MEDIUM POWER TRANSISTORS ACI76 


Ry VA1077 VA1077 

R, 2.2 2.2 2 

Ry 2.2 2.2 2 
tHIC, 120 200 uF 


*Based on an absolute maximum supply voltage of 26.5V for this circuit. 


**Based on T,, = 45°C. These maximum values of © include the 


thermal resistance of the transistor mounting. 


case-amb 


{The P figures are at the onset of clipping and approximately 10% more 
output can be obtained for Dyo4 = 10%. 
The Pj oaq figures take account of the fact that a practical power supply has 
a finite internal resistance. For a value of 20 internal resistance three 
values of Pioag 2re given. 


1. The speach and music value is the output which will be obtained when 
peaks occur in low level passages. 


2, The sustained music valueis the equivalent sinewave power output which 
will be obtained during sustained high level passages of music. 


3. Normal sinewave rating. 


The first two values constitute a useful measure of the power output capability 
ofthe circuit. The sinewave value is quoted because it is load power which 
will be obtained when, for test purposes, the equipment is driven with a 
sinewave because of the internal resistance of the power supply, the dissi- 
pations with sinewave drive are lower than with a constant line voltage. The 
thermal resistances required are given assuming these lower dissipations. 
The value of the supply impedanceis, therefore, important and the regulation 
should not be improved without making compensating changes in the thermal 


resistance 9; “amb* 


; Z = 95° 
T7Preset to give Ty = 3.0mA at Tomb 25 C. 


*tTValue of Cy for L.F. response -3.0dB at 50c/s. The results obtained are 
with a series resistance of Cy 1.02, 


CHARACTERISTICS FOR MATCHED PAIR 


h Ratio of large signal forward 
FEL1 : 

nero current transfer ratio of the 
FEL2 two transistors 


1, = 500mA, Vop =? <1.2 
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SOLDERING AND WIRING RECOMMENDATIONS 


1, 


When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


. Transistors may be dip-soldered at a solder temperature of 245°C for 


a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storagetemperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115°C. 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a 
board having plated-through holes. 


Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


OUTLINE AND DIMENSIONS OF COOLING CLIP 


Nominal dimensions in mm 
Type a Type b. 


Part No.56227 Part No.56226 


NOTE - 


Fitting of cooling clips 

To ensure good thermal contact with the transistor envelope, the cooling 
clips should not be distorted by forcing it over the "belling" at the base 
of the transistors. 


Mullard 


AC128 Page 4 


N-P-N GERMANIUM 
MEDIUM POWER TRANSISTOR ACI76 


Germanium n-p-n high gain alloy junction transistor for audio applications. 
Primarily intended for use in mains operated audio amplifiers with class 
'B' output stages. 


QUICK REFERENCE DATA 


max. G, = 0) 


« (cut-off) 
cm ™- 
Prot ? 
hap Uy = 500mA, Vp = 0) 
fate a, = -1omA, V4, = 2,0V) 


OUTLINE AND DIMENSIONS 


Conforming to J.E.D.E.C. TO-1 
V.A.S.C.A. SO-21/SB3-10 


Millimetres 
Min. Nom. Max. 
A od = 6.5 
B - - 6.1 
Cc - - 9.4 
D 7 1.8 = 
E - = 1.5 
F 38 sai - 
G = 0.43 = 
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RATINGS 


Limiting values of operation according to the absolute maximum system, 


Electrical 
Vv max, a, = 0) 
max. (cut-off) 
max, ([,=0.5A, R, = 278, Ry, = 2.29) 
max, (y= 0, T, <55°C, see page C6) 


*Maximum averaging time = 20ms 


Temperature 


Be min. 
stg 


T m 
stg 
E max. (continuous operation) 


aX. 


THERMAL CHARACTERISTICS 


Q. 
j-case 
inf ; 
2 ans (in free air) 
©; amb (in free air with cooling 
clips as on page D4) 
8; Satah (with cooling clip mgunted on 


heatsink of at least 12.5em”) 


Mullard 


32 Vv 
32 Vv 
25.5 Vv 
20 Vv 

5.0 Vv 
1.0 A 

350 mA 
40 mA 
40 mA 

700 mW 

-85 °c 
15 °C 
90 2 
40 deg C/W 

300 deg C/W 

150 deg C/W 
80 deg C/W 
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N-P-N GERMANIUM 
MEDIUM POWER TRANSISTOR 


ACI76 


ELECTRICAL CHARACTERISTICS (To nb = 25°C unless otherwise stated) 


Min. Typ. 


I Collector cut-off current 


CBO = - 7 
Vogt 10V 1, 0 


Vog > 10V. 1, = 9, 


a 90°C 5 1.2 


12.5 30 pA 


I Base current 


Vay = 9 
ota 


CB = -0.5A 2.8 = 9.5 mA 


Emitter cut-off current 


View = 5-0Vs E, = 0, 


a 90°C 7 = 


TBO 
2.25 mA 


Vv. Base-emitter voltage 


Vos = 10V, lh = -5,0mA 120 135 150 mV 


Vop =o I= -0.5A = - 650 mV 


Vop 7% 1, = “1.04 fe = 1.1 Vv 


Collector-emitter knee voltage 


Vor (knee) 


hog 


L_ = 800 
c 00OmA 


Large signal forward 
current transfer ratio 
T= ~50mA, Vip = 0 


Common emitter cut-off 
frequency 


Small signal loaded common 
emitter forward current 
transfer ratio linearity 


Vog = MV, Ry = 162 


A at I, =0.75A 


Cc 
A, max. 
1 


Transition frequency 
I, = -10mA, Vop = 2.0V 
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CHARACTERISTICS FOR MATCHED PAIRS OF AC176 


h EL1 Ratio of large signal forward 
ae current transfer ratio of the 
FEL2 two transistors 
== = - - 1.2 
1, = -500mA, VV... = 0 


SOLDERING AND WIRING RECOMMENDATIONS 


1, When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 


2. Transistors may be dip~soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
dip-soldering may exceed the maximum storagetemperature for a period 
not greater than 2 minutes, provided that it at no time exceeds 115°C, 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm away from a 
board having plated-through holes. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal, 


OUTLINE AND DIMENSIONS OF COOLING CLIP 


Nominal dimensions in mm 
Type a. Type b. 
Part No.56227 Part No.56226 


NOTE -~ Fitting of cooling clip 


To ensure good thermal contact with the transistor envelope, the cooling 
clips should not be distorted by forcing it over the "belling" at the base 
of the transistor. 
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INPUT CHARACTERISTICS FOR LOW AND HIGH COLLECTOR CURRENTS 
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PLOTTED AGAINST COLLECTOR CURRENT 
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TYPICAL LARGE SIGNAL FORWARD CURRENT TRANSFER RATIO AND 
TYPICAL LOADED SMALL SIGNAL FORWARD CURRENT TRANSFER RATIO 
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N-P-N GERMANIUM AC187 
MEDIUM POWER TRANSISTORS AC187/01 


The AC187is an n-p-n alloy junction medium power audio transistor in a TO-1 metal 
envelope. Primarily intended for use together with the p-n-p transistor AC188 as a 
matched pair AC187/AC188 in complementary class B output stages with output power 
up to 3W. 

The AC187/01 is electrically equivalent to the AC187, constructed integrally with a 
heat conducting block. 

The AC187/01 is also available as a matched pair with the AC188/01. 


QUICK REFERENCE DATA 


25 
15 
2.0 


max. (T < 35°C) 1.0 
amb — 


b 
qj max, 90 
hog (I, = 300mA, Vopr) 100-500 

E =2V) 20 


fate ‘YP: g=10mA, Vy, 


OUTLINE AND DIMENSIONS (see also page 2) 


Conforming to BS3934 SO -21/SB3-10 
J.E.D.E.C. TO-1 


AC187 


15™% (not tinned) 


4 
I ____ 38.1" 


5gmax 


7208665) 


All dimensions in mm 
The coloured dot indicates the collector 


Accessories available: 56226, 56227 
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OUTLINE AND DIMENSIONS (contd. ) 
AC187/01 ¢ dent 3 
15 (not tinned) 4 


4 _ 2 ts — 
= g o” ————— 
b e 
72max 15.70% ais 3a)m0 
FZ00663 
All dimensions in mm 
The dent indicates the collector 
RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 
Vicpo max. 25 Vv 
Vv CEO max. 15 Vv 
Vogr Max: (i, <600mA, Rp, < 12) 18 Vv 
VERO max. 10 Vv 
I Cc max. (d.c. or averaged over any 50ms period) 1.0 A 
Tom max. (peak) 4 2.0 A 
Prot max, (T mb <35°C, see also graph on page 5) 1.0 WwW 
Temperature 
T -55 to +75 °C 
stg 
T, max. 90 “<c 
THERMAL CHARACTERISTICS 
Ring -a) Thermal resistance from junction to 
J°2) ambient in free air AC187 AC 187/01 
without cooling clip 290 180 °G/ WwW 
with cooling clip 56227 140 - °C/W 
with cooling clip 56227 on 1.5mm 
blackened aluminium heatsink of 5 
12. 5cem2 80 70.5 C/W 
with cooling clip 56227 on infinite 6 
heatsink 55 = c/w 
Ren(j-c) Thermal resistance from junction to case 40 45 °c/w 
ACIB7 with = Ren j—c} Rthic-h} Rth(h-a) 
se) O—{__}-e{__} e{__} © 
56227 j c h a 
40°C; Ww 15 °C/W 
45 °C/W 0.5 °C/W 
AC187/01 
c h a 
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N-P-N GERMANIUM 
MEDIUM POWER TRANSISTORS 


ELECTRICAL CHARACTERISTICS (T j =25°C unless otherwise stated) 


.Collector cut-off current Typ. 
=25V = 15 


CBO 1,7 Vop 
I 1,70, Vop=25V, T,=90°c - - 


Torx Vor =1.0V, Vor =25V 7 - 


I Emitter cut-off current 
1,=0, Vine 10V - 15 
1,=9, Vapt lv, T,=90°C - 1.2 


Vv Base-emitter voltage 


1, =300mA, Vopzh WV - - 


Emitter -base floating voltage 


1,70 Vop=25V: T,=90C - - 


Collector knee voltage 
1,=1.0A, 1, =the value for 


Cc B 


which Ie. 1A at Vp =1.0V - 2 


(A) Ip 


—bpmw en ao eee wee 


Vce (V) 


her Static forward current transfer ratio 
1, =5.OmA, Vog = 10V 70 = 


1, =300mA, Vogal W 100 200 


TQei.OA, Vag TL 50 = 
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Max. 
100 pA 
Pa mA 
100 pA 
100 pA 
2.5 mA 
135 mV 
550 mV 
400 mV | 
800 mV 
500 
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ELECTRICAL CHARACTERISTICS (contd. } 
Min. Typ. Max. 


E a eek ee ov 1.0 5.0 - MHz 
Cc CE ‘ ; 

‘hfe pena =2.0V : 20 - kHz 
C * "CE ™ 

ee eee Ge oes Ol £=450kHz  - 150 180 pF 
Ee ° CB’ 

hee D.C. current gain ratio of 

fae matched pairs AC187/AC188, 

FE2 AC187/01/AC188/01 

|I_f=500mA, [Vf 1,0V - - 1.25 


saa 50 100 7) CC) 150 
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N-P-N GERMANIUM AC187 
MEDIUM POWER TRANSISTORS AC187/01 


heatsink material | _ 
1.5mm _ blackened 
aluminium 


4 03598 


25° Vcel¥} 30 


I = Region of permissible operation under all base-emitter conditions 
II = Additional region of operation when the transistor is cut-off 
Ill = Outside regions I and II, the transistor can withstand transient energies of 


1.0mWs, provided it is cut-off with VeB(el) >0. 6V 
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P-N-P GERMANIUM AC188 
MEDIUM POWER TRANSISTORS AC188/01 


The AC188is a p-n-p alloy junction medium power audio transistor in a TO-1 metal 
envelope. Primarily intended for use as a matched pair 2-AC188 or together with 
the AC187 as a matched pair in complementary class B output stages with output 
power up to 3W. 

The AC188/01 is electrically equivalent to the AC188, constructed integrally with a 
heat conducting block. It is also available as a matched pair with the AC187/01 or 
as 2-AC188/01. 


QUICK REFERENCE DATA 


25 
15 
2.0 
Pot max (T sab < 35°C) 1.0 
a max. 90 
100 to 500 


10 


OUTLINE AND DIMENSIONS (see also page 2) 


Conforming to BS 3934 SO -21/SB3-10 
J.E.D.E.C. TO-1 


15 (not tinned) 


5 —=—= 
E —_ 
ror) —$— 
AC 188 ay Fi 
2) 
x 
o 


9,40 lt 3e.1min 


7208665) 


All dimensions in mm 


The coloured dot indicates the collector 


Accessories available: 56226, 56227 
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OUTLINE AND DIMENSIONS (contd. ) 


AC188/01 dent z 
15™°* (not tinned) < 
wt _ 3 + — 
-] | om, —— 
4 w 
b 


| : 
ae | 15.77% Al 361™" | 
7208662 


All dimensions in mm 
The dent indicates the collector 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Varo max. 25 v 
av. CEO max. 15 Vv 
Vopr max. (I, <600mA, RE < 19) 18 Vv 
Vepo max. 10 Vv 
ate max. (d.c. or averaged over any 50ms period) 1.0 A 
lon max. (peak) 2.0 A 
to) 
Pot max, (Tomb <35°C, see also graph on page 5) 1.0 WwW 
Temperature 
it -55 to +75 xe 
stg 6 
7 max. 90 Cc 
THERMAL CHARACTERISTICS 
Rinj-a) Thermal resistance from junction to 
: ambient in free air AC188 AC188/01 
without cooling clip 290 180 °c/w 
with cooling clip 56227 140 - °c/w 
with cooling clip 56227 on 1.5mm 
blackened aluminium heatsink of . 
12. Sem? 80 70.5 °C/W 
with cooling clip 56227 on 5 
infinite heatsink 55 o C/W 
Rin(j-c) Thermal resistance from junction to case 40 45 °o/w 
AC188 with Rth(j—c) R thic-h) Rth(h-a} 
cooling clip 
56227 0 ; art : phe! ° a % 
40°C/W 15 °C/W 
45 °C/W 0.5 °C/W 
J c h a 
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P-N-P GERMANIUM AC188 
MEDIUM POWER TRANSISTORS AC188/01 


ELECTRICAL CHARACTERISTICS v. =25°C unless otherwise stated) 


Collector cut-off current Min. Typ. Max. 
“lapo 1,9, “V op = 25V P ~ 20 200 pA 
“loro 1,79, Vop =25V> ee Cc = 5 1.4 mA 
lopx Woe =1.0V, Vor =25V “ - 200 pA 
Topo Emitter cut-off current 
1,=9, - Ep 7 1°V : - 15 200 HA 
1Q=9, Mego teers “ 0.4 14 mA 
Vor Base-emitter voltage 
-1,=5.0mA, Vop = 1OV 115 - 145 mV 
“1, =300mA, Vogal Ov 7 = 450 mV 
-V j Fe j j 
V EB(fl) Emitter -base floating potential 
= - = =~ ° 3 - - 
I, 0, Von 25V, ty 90°C 400 mV 
VorK Collector knee voltage 
I =1.0A, ty =the value for 
which ate =1.1A at Vor= 1.0V = - 600 mV 
1 
i 
' 
| 
' 
' 
' 
1 
t 
1 
t 
' 
-VeEK 1 “Vce (V) 
hon Static forward current transfer ratio 
1, =5.0mA, Vop 710 70 = - 
la =300mA, Vor =1.0V 100 200 500 
“I,=1.0A, Vop =i. Ov 80 5 = 
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ELECTRICAL CHARACTERISTICS (contd. ) 


Min. Typ. Max. 
fp Transition frequency 
1, =10maA, Vopt2 W 1.0 1.5 - MHz 
fate Cut -off frequency 
In =10mA, Vo 72 V = 10 = kHz 
Cre Collector capacitance 
1, =1,=0, Vop 75: OV, £=450kHz - 90 110 pF 
hoe D.C. current gain ratio of matched 
i pairs AC187/AC188; AC187/01/ 
FE2 AC 188/01 
|1,] =500mA, | V_,, |=1-0V - - 1.25 
matched pairs 2-AC188; 
2-AC188/01 
1, =50mA Vopr lh wv - - 1.25 
1, =500mA, Vogt wv 7 - 1.25 


i 
lll 
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P-N-P GERMANIUM 
MEDIUM POWER TRANSISTORS 


AC188 
AC188/01 


03590 


heatsink material 
1.5mm blackened a 
|} aluminium 


25 -VeelV) 30 


I = Region of permissible operation under all base-emitter conditions 


II = Additional region of operation when the transistor is cut-off 


IH = Outside regions I and II, the transistor can withstand transient energies of 


; ; te a oe >-0, 
1.0mWs, provided it is cut-off with VEB(Al) 0. 6V 
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03589 
collector current versus 
base current 
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GERMANIUM P-N-P _ ADI49 
L.F. POWER TRANSISTOR 2-ADI49 


Germanium p-n-p alloy junction transistor in TO-3 metal case, primarily 
intended for use in class B push-pull output stages with a power output up 
to 20W and frame deflection output stages, 


QUICK REFERENCE DATA 


CB max, ~50 Vv 
Vor max ~50 Vv 
Tom max, 3.5 A 
hog (I, =1. 0A) : 30-100 
fife (,=500mA, Vor ~~ 2: 0V) 10 ke/s 
Po Ma Ck) 22.5 W 
| T; max, (continuous operation) 100 °¢ 


OUTLINE AND DIMENSIONS 
Conforming to J,E.D,E.C. TO-3 


V.A.S.C.A, SO-5B/SB2-2 


e ¢ 
b 
[E3955] 
Millimetres Millimetres 

A 30.140.2 G 4,2 max. 
B 16.9+0.25 H 3.1540, 25 
Cc 10.9+0,25 J 8.0 max, 
D 26,2 max. K 12,041,.0 
E 39.5 max, L 1,040, 05 
F 20.3 max. 

JUNE 1974 u 
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Iz Intrinsic base impedance 

1, 71.0mA, Vop77 5-0, 

£=450ke/s “ 30 i Q 
Cro Collector depletion capacitance 

Vop 775. OV, 1,79 

£=450ke/s ~ 220 - pF 
c te Emitter depletion capacitance 

Vip 775: 0V;, 1,=9, 

£=450ke/s - 140 - pF 
fp Transition frequency 

1,=500mA, VQ =-2.0V - 500 - ke/s 
f£ Common emitter cut-off 
hfe 

frequency 

1, 7500mA, VQ_=-2.0V - 10 - he/s 
Forward current transfer ratio linearity 
Ay at 3.0A 
ene J ose = 0.2 0,35 = 
A, atO.1A ’ - cc ga A ia 
See curve B on page C9 

ELECTRICAL CHARACTERISTICS OF MATCHED PAIRS 
Ratio of large signal 
FEL 
h forward current 
FE2 transfer ratio 
1, =300mA a 1.1 1,25 
1,=3,0A - 1.1 1,25 


Cc 
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GERMANIUM P-N-P ADI49 


L.F. POWER TRANSISTOR 2-ADI49 
ACCESSORIES 
Acessories must be specifically ordered 
Accessory Code No. 
Insulating bush 56201A 
Mica washer 56201B 
Lead washer 56214 


Mica washer 


35 


ale § 


° 6:0 
0-2 40-2 to-2 


Insulating bush 


3-5 4-5 


jf _2 


75 4 


3-9020°05 
3°10L0-05 


All dimensions in mm 
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OPERATING CONDITIONS FOR A CLASS 'A' AMPLIFIER 


Vv cc (supply voltage) 
Ty Win =0) 


Road 


Po max, (output power of 
the transistor) 


P max. (power delivered 


eu to the primary of the 
output transformer) 
Vin(pk) Pout 74+) 
ae: Pout saw) 
ot (Pout =4* OW) 
i nip) °. ,750mW) 
Dp Pee eae) 
NOTES 


Condition 1 Condition 2 
7.0 (max. 8.0) 14 (max. 16) 
1.8 0.72 
50 200 
VA1034 VA1034 
0.3 0.5 
4.0 23 
4.3 4.1 
4,0 4.0 
480 400 
35 12 
9.5 7.5 
2.5 1.0 
2.5 1.5 


i, R,, VA1034 should be mounted on the heatsink near the transistor, 


2, Stable continuous operation is ensured up to T, 


amb ~ 


=55°C, provided the 


transistor Pees been mounted on a 1.5mm copper heatsink of at least 
18 X 18em” (condition 1) or 15 X 15cm” (condition 2). 
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GERMANIUM P-N-P ADI49 
L.F. POWER TRANSISTOR 2-AD149 


OPERATING CONDITIONS FOR A MATCHED PAIR 2-AD149 AS CLASS 'B! 
OUTPUT AMPLIFIER 


Condition 1 Condition 2 
Voc (supply voltage) 7.0(max. 8.0) 14(max.16) V 
= x 
I, Vio 0) 2X 30 2x 30 mA 
Ri 200 . 350 Q 
Re 0 0,47 Q 
Rg 450 370 Q 
R (collector to collector) 9.0 16 Q 
load 
P c max. (output power of two 
transistors) 9.75 20 Ww 
P__, max. (power delivered tothe 
out A 
primary of the output 
transformer) 9.75 17.9 Ww 
Iom (Pout 72%) 3.0 3.0 A 
I Pout max) 2x 480 2x 480 mA 
= . . 2 
Yintpk) Pout max. } 0.81 2 Vv 
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Condition 1 Condition 2 


1in(pk) (Pout mae) 75 75 mA 
= 1 
Deot Pout m**) 0 10 % 
i = : 3D 
1 n(ok) (P jut 7 50mW) 4.0 2 mA 
D. (Pip 20m) 2.5 2.0 % 
NOTE 


Stable continuous operation is ensured up to Tgmp =55°C, provided each 
transistor has been mounted on a 1.5mm copper heatsink of at least 
5 X Sem? (condition 1) or 6X 6em” (condition 2). 


OPERATING NOTES 


1. Dissipation and heatsink considerations. 
Th i issipati c= x + x i 
e maximum total dissipation, Prot max Vor IQ) Ver I) is 
given by the relationship: - 


Where ®j-mb + ©; + G, is equal to the junction temperature rise per 
watt above ambient, 


The various components of the rise of junction temperature above 
ambient are illustrated below: - 


Junction temperature 


9, ab 7 279 dee c/w 
Jom Mounting base temperature 


0, = 0. 5 deg C/W* 
Fag 0. 2deg C/Wt 


Heatsink temperature 


Ambient temperature 


*With mica insulation, 


TMounted directly on to a heatsink with thin film of silicone grease 
between contacting surfaces. 


@, depends on the cooling conditions under which the transistor is used 
i.e, dimensions, position and surface conditions of heatsink etc. An 
air-cooled heatsink (7" x 7" x 1/16" blackened aluminium) will have an 


approximate value of ©, = 2.2 deg c/w. 
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GERMANIUM. P-N-P AD149 
L.F. POWER TRANSISTOR ——-2-AD149 


ow 


©, can be determined for a given collector dissipation and ambient 
temperature by measuring the mounting base temperature. 


The following example illustrates the temperatures which occur at various 


points on the transistor at P,., = 8W, T, = 90°C, ©, = 2.2 degC/W. 


Transistor with mica insulation 
Junction temperature = 90°C 
Mounting-base temperature = 90~-(8 X 2,0) = 74°C 
Heatsink temperature = 74-(8 X 0.5) = 70°C 
Ambient temperature = 70-(8 X 2.2) = 52.4°C 


The suitability of any design can be checked by measuring with a 
thermocouple the mounting base temperature of the transistor operating 
at the selected collector dissipation and maximum ambient temperature . 
The point defined by the mounting-base temperature and the total dis- 
sipation must lie within the permissible area of operation on the curve 
on page C13, Ifthe point lies outside this area the design is inadmissible 
and the dissipation must be reduced or the heatsink improved. The 
selected total dissipation should be the maximum attained by any tran- 
sistor in the design being checked. 


Transistors may be dipsoldered at a solder temperature of 240°C for a 
maximum of 10 seconds up to a point 2mm from the seal. 


Care must be taken to ensure good thermal contact between the transistor 


and heat sink. Burrs or thickening at the edges of the four holes must 
be removed and the transistor bolted down on a plane surface. 
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L.F. POWER TRANSISTOR 


GERMANIUM P-N-P 
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TYPICAL CHARACTERISTICS 
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| GERMANIUM P-N-P AD149 
L.F. POWER TRANSISTOR 2-AD149 


UT 
Permissible area of 
operation. under all 
conditions of base 


a 
+. For operation in this 
region the circuit 


\ tt | must be capable of 


"ee providing reverse 


ho current bias 


MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
COLLECTOR-EMITTER VOLTAGE 
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Vggincreases approximately 
0-5mV at I¢ =30mA 


1-OmV at I¢ =100mA 


1-5mV atl¢ =200mA 


per 1V decrease in Vor 
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TYPICAL VARIATION OF BASE CURRENT WITH TEMPERATURE 
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GERMANIUM P-N-P 
L.F. POWER TRANSISTOR 


ADI49 
2-AD149 
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CURVE A. TYPICAL FORWARD CURRENT TRANSFER 


CURVE B, 


RATIO PLOTTED AGAINST COLLECTOR 
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TYPICAL LARGE SIGNAL FORWARD CURRENT 
TRANSFER RATIO PLOTTED AGAINST COLLECTOR 


CURRENT AT SLIDING Vor Yoo =-14V,R 
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ELECTRICAL CHARACTERISTICS (cont'd) 


fn Transition frequency 

Vog 72: 0V, 1,=10mA 1.0 3.0 - MHz 
Z Common emitter cut-off 
hfe 

frequency 

Vog 72-0V, 1, =300mA 20 35 - kHz 


Collector capacitance 


| c 

‘| te Vos Vv ape 
| =5. x id = > 
Ib - ‘ 


CB 
| : f =450kHz - 150 - pF 


For a matched pair of AD161/AD162 the maximum value of the ratio of the 
static forward current transfer ratios, at In = 500mA and Vor =1.,0V, is 
1.25:1 and a typical value is 1.1:1. 


NOTES 


2. Collector-emitter knee voltage atI_.=1.0A, and at that value of 1 occurring 


at T,=1.1A and Vop 71: OV. 


‘cE (knee) bo \oE 


3. Vor decreases by approximately 2. 0mV/degC with increasing temperature. 
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GERMANIUM AF. 
POWER TRANSISTOR ADI61 


OPERATING NOTES 


1. Dissipation and heatsink considerations: 


The maximum total dissipation, Pp. 
given by: + 


= + x i 
, max. Vop ¥1Q) Var I), is 


T, max. - T 
j amb 
tot = +6, + 
O' oak 8. 8, 
where 98. _mp + 94 + Op is the junction temperature rise per watt 
above ambient, 6; is the constant thermal resistance,and 
©p is the thermal resistance of the heatsink. 


2. Care mustbe taken to ensure good thermal contact between the mounting 
_ base andthe heatsink. Burrs or thickening at the edges of the holes must 
be removed and the transistor bolted down on a plane surface. 


SOLDERING AND WIRING RECOMMENDATIONS 
1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 


to a minimum by the use of a thermal shunt 


ACCESSORIES 


hase 2:0 nom | ‘Mica washer (562398) 


23-0 nom | 
| 
ne | 


: — 13-Inom 


0:05 to 0:10 


4 


Insulating bush (56239A) 


| 2-5nom | ie nom 
a a | j 1-Onom 
3-5 nom =e A,—__ 
| | 
7-1 dia nom 31 dia nom 


All dimensions in mm 


Mullard 


AD161 Page DS 


ADI6I 


GERMANIUM AF. 
POWER TRANSISTOR 


~ 

> 
O 

> 


a 


= 


ust=!u ‘awoogs 44 ,- 


SMWO- S$ABsaua yUaisuDsL 


-: }DU} P2pPiAosd sp2uDd 


DIqissiwsad JY} SPIszno pamoj|d 


B4uD SUOISINDX] Jus} WOUS 


MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 


COLLECTOR-EMITTER VOLTAGE 


Mullard 


AD161 Page Ci 


EMITTER VOLTAGE 


COLLECTOR CURRENT PLOTTED AGAINST BASE- 
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GERMANIUM A..F. 
POWER TRANSISTOR 
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COMMON EMITTER TRANSFER CHARACTERISTICS 
AT LOW COLLECTOR CURRENTS 
Mullard 


GERMANIUM A..F. 
POWER TRANSISTOR ADI6I 
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COMMON EMITTER TRANSFER CHARACTERISTICS 
AT HIGH COLLECTOR CURRENTS 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT 
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ADI61 


GERMANIUM A..F. 
POWER TRANSISTOR 
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COMPLEMENTARY GERMANIUM ADI61 
POWER TRANSISTORS AD162 


N-P-N (AD161) and P-N-P (AD162) germanium alloy junction transistors 
for use in complementary symmetry class 'B' output stages for mains 
operated amplifiers and radio receivers. 

For information on the individual types reference should be made to the 
relevant data sheets. 


QUICK REFERENCE DATA 


AD161 AD162 
Vv max. +32 -32 Vv 
CBO See note below rr si a 
CEO max. - 
low max. +2.0 -2.0 A 
P ‘ . < 
eee max 3.0 6.0 hl 
q; max, 90 90 Cc 
=i, = * faa -300 
hor Vor 1.0V, Mo 500mA) 50-300 50-30 
= =, * 
fp typ. V og F2-0V, I, 10mA) 3.0 1.5 MHz 
in. a2 =300mA)* > 
fife min Vor 2.0V, IQ 300mA)* >20 10 kHz 


*Polarity positive for AD161 and negative fer AD162 


Note:- For max. supply voltage see recommended circuit details 
OUTLINE AND DIMENSIONS 
Conforms to B.S, 3934 SO-55/SB2-5 


All dimensions in mm 
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OPERATING CONDITIONS IN CLASS 


OUTPUT STAGE 


86061] 


*Nominal supply voltage 
Load impedance (Ry) 


Load power 

Total quiescent current 
Driver quiescent current 
Peak collector current 


Max, mean current 


Mullard 


'B' COMPLEMENTARY SYMMETRY 


5.0 
8.0 
5.0 to 10 
62 
1.85 
550 


Bie IRAE at caer 2 
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COMPLEMENTARY GERMANIUM ADI6I 


POWER TRANSISTORS ADI62 
R : 68 2 
: 100 2 

Ry 
R, (variable preset) 100 2 
R, (N.T.C. resistor) 15 Q 
R. and R, 0.5 2 
R, (depends on a max. of driver) 220 Q 
15 2 

R, 
Cc ; 500 uF 
c, 50 uF 
Cc, 2000 pF 


*Based onan absolute maximum supply voltage of 24V for this circuit. With 
1.02 emitter resistors 26.5V absolute maximum is permissible. 


For a matched pair of AD161/AD162 the maximum value of the ratio of the 
static forward current transfer ratios at I a 500mA and V CE = 1.0V is 
1.25:1 and a typical value is 1.1:1. 


OPERATING NOTES 
1. Dissipation and heatsink considerations: 


The maximum total dissipation, PLot max. =(V cE“ Q) *Vor x1); is 
given by: 


where 0j-mpb* 0 +O is the junction temperature rise per watt 
above ambient, ©. is the constant thermal resistance, and 


Oh is the thermal resistance of the heatsink. 


2. Care must betakento ensure good thermal contact between the mounting 
base and the heatsink. Burrs or thickening at the edges of the holes must 
be removed and the transistor bolted down on a plane surface. 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt. 
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ACCESSORIES 


Mica washer (562398) 


0:05 to 0:10 


es 
a 


Insulating bush (562394) 


a re—dia nom 


ICE 


dia nom 


All dimensions in mm [B3072 
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GERMANIUM A..F. 
POWER TRANSISTOR AD 162 


Germanium p-~n-p alloy junction transistor, with type AD161 it forms a 
symmetrical complementary pair for use in mains driven output stages for 
amplifiers and radio receivers. 


QUICK REFERENCE DATA 
~Vono max, a, =0) 32 Vv 
Voro max. (1, =9) 20 Vv 
Tony max, 5 3.0 A 
A = 6.0 
Prot max (Tab 63 C) - 
ay max. (operating) 90 Cc 
bs aL. -I_ =50 -32 
hog ( Von 1.0V, Ty OmA) 80-320 
2 (- =2, -I_=10 1.5 
fp typ. ( Vor OV, Ia mA ) MHz 
~(- =2.0V, -I_=3 
tte typ. ( Vor 2.0V 1 00mA) 


OUTLINE AND DIMENSIONS 
Conforming to B.S. 3934 SO-55/SB2-5 


All dimensions in mm 


supine «Mullard 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Voge mx: Op =9) 32 Vv 
Voro max, a=, see page Cl) 20 Vv 
Vorx max. Vor =0.6V, see page Cl) 32 Vv 
VERO max, @,=9) 10 Vv 
*) 
I C(AV) max, 1.0 A 
~I cM max. 3.0 A 
1, max. 0.1 A 
* 
Ty (AV) max, 1.1 A 
IM max. 5 3.1 A 
= 
Prot max. (Tob =63 °C) 6.0 WwW 
see curve on page C2 
*Maximum averaging time = 50ms. 
Temperature 
T_,_ min. -65 °C 
stg 7 
T .. max. 90 Cc 
stg 5 
a max. (operating) 90 Cc 
T, max. (see note 1) 100 °c 
THERMAL CHARACTERISTICS 
enn 4.5 degC /W 
9, with mica washer 1,5 degC/W 
without mica washer 0.5 degC/W 
NOTE 
1, Operation up to T, = 100°C is permissible during short term overload 
conditions. 
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GERMANIUM A..F. 
POWER TRANSISTOR 


AD1I62 


ELECTRICAL CHARACTERISTICS (T; =25°C unless otherwise stated) 


Topo 


VER) 


“Vor (nee) 


Ver 


-I 


FE 


Collector cut-off current 
“Vop =10V, 1,70 - 
~Vop =20V; 1,70 - 


“Von 732V, 1,70 - 


te) 
~Vop =32V, 1,79, ie Cc - 
Collector-emitter cut-off current 

“Voy = 829, Vier 0-8V, Hyree Cc - 


Emitter cut-off current 


“Vip lV, 1,70 - 


“Ving 710Vs 1g=9 T,=90°C = 
be rare ae 

CB reg 
Collector-emitter knee voltage 
“1,=1.0A, see note 2 - 


Base-emitter voltage (see note 3) 


~Vog =10V, co 115 


Vog 71: 0V; “I, =50mA - 


~Vog =1-0V, ~1,=500mA - 


Vog at OV, -1,,=2.0A - 
Base current 

“Vop =1°V, 1,75. 0mA - 
Vapi? 1, =50mA 0 


Vop 7? I, =500mA 1, 


E 
Vo 70 1p =2- 0A - 
Static forward current 
transfer ratio 


“Vog 710V, ~1,,=5. 0mA 60 


-V__=1.0V, -I= 
Vog =1-0V, “1, =50mA 74 


Vog 71. 0V, -1,,=500mA 80 


“Vog 71: 0V, -1,=2.0A 60 
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16 
56 


Typ. 


15 


150 


Max. 
20 pA 
40 pA 
200 pA 
2.0 mA 
2.0 mA 
200 pA 
2.0 mA 
400 mV 
400 mV 
145 mV 
300 mv 
550 mV 
850 mV 
82 pA 
0.67 mA 
6,2 mA 
33 mA 
300 
320 
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ELECTRICAL CHARACTERISTICS (cont'd) 


Min, Typ. Max. 


fp Transition frequency 

a =2.0V, -I_=1 . . = 

Vor ov Iu OmA 1.0 1.5 MHz 

f Common emitter cut-off 
hfe 

frequency 

-V___ =2.0V, -I_=300mA 8.0 15 - kHz 

CE Cc 

Ce Collector capacitance 


Vop a5: ov, I, =1,=0, 


f=450kHz e 115 - pF 


For a matched pair of AD161/AD162 the maximum value of the ratio of the 
static forward current transfer ratios, at “1, =500mA and Vor =1,0V, is 
1. 25:1 and a typical value is 1.1:1. 


For a matched pair of 2-AD162 the maximum value of the ratio of the static 
forward current transfer ratios, at -1_=50 and 500mA and Vor =1.0V, is 
1. 25:1 and a typical value is 1.1:1. 


NOTES 
2, Collector-emitter knee voltage at -I_ =1.0A, andat that value of I occurring 
at I, =1,1A and “Vor =1.0V. 


10V -VoE 


3. Var decreases by approximately 2. 0mV/degC with increasing temperature. 
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GERMANIUM A.F. 
POWER TRANSISTOR AD 162 


OPERATING NOTES: 
1. Dissipation and heatsink considerations: 


he cies tein total dissipation, Pot max, = Vor xT) + Vir x1), 
is given by: 


T. max. - Tomb 


oe ee 
+6, + 
tot ce b 8, S) 


where 9; -mb + Qj + On is the junctiontemperature rise per watt 
above ambient, 0; is the contact thermal resistance, and 
9), is the thermal resistance of the heatsink.: 


2. Care mustbe taken to ensure good thermal contact between the mounting 
base andthe heatsink. Burrs or thickening at the edges of the holes must 
be removed and the transistor bolted down on a plane surface. 

SOLDERING AND WIRING RECOMMENDATIONS 

1. When using a soldering iron, transistors may be soldered directly into 

the circuit, but heat conducted to the junction should if possible be kept 


to a minimum by the use of a thermal shunt. 


ACCESSORIES 


32:0nom Mica washer (56239B) 


0:05 to 0:10 


ccdcteee @ 4 To aya dia, opi} 


nom nom \ 


Insulating bush (56239A) 


ae dia nom 
i | 1-Onom 


1 


7:1 dia nom 31 ia nom 


All dimensions in mm 
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GERMANIUM A.F. 
POWER TRANSISTOR 
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MAXIMUM COLLECTOR CURRENT PLOTTED AGAINST MAXIMUM 
COLLECTOR-EMITTER VOLTAGE 


Prot a I AD162 B6982 
max a H HHH t 
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GERMANIUM A..F. 
POWER TRANSISTOR AD162 


TYPICAL OUTPUT CHARACTERISTICS 
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GERMANIUM A.F. | 
POWER TRANSISTOR ADI62 
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COLLECTOR CURRENT PLOTTED AGAINST BASE-EMITTER VOLTAGE 
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GERMANIUM A.F. 
POWER TRANSISTOR ADI 62 
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COMMON EMITTER TRANSFER CHARACTERISTICS 
AT HIGH COLLECTOR CURRENTS 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT 
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TYPICAL COMMON EMITTER CUT-OFF FREQUENCY PLOTTED 
AGAINST COLLECTOR CURRENT 
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GERMANIUM A..F. 
POWER TRANSISTOR ADI62 
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SILICON N-P-N PLANAR BC107 
EPITAXIAL TRANSISTORS BC108 


BC109 


Also available to BS9365,—F112 


N-P-N silicon planar epitaxial transistors in TO-18 encapsulation. 

The BC107 is primarily intended for use inaudiodriver stages and television signal 
processing circuits. ; 

The BC 108 is a general purpose 1.f. transistor. 

The BC109 is primarily intended for low noise audio input stages. 


QUICK REFERENCE DATA 
BC107_ BC108 BC109 


50 30 30 Vv 
45 20 20 V 
200 200 200 mA 
max. (T__, <25°C) 300 300 300 mw 
amb — 
T, max, 175 175 175 % 
he Ga =2mA, Vor =5V, f=1kHz) min. 125 125 240 


max. 500 900 900 
f, My =10mA, Vor =5V, f=35MHz) typ. 300 300 300 MHz 
N (I, = 200HA, Vv B™Y: R, = 2k) 


Cc Ss 
f=30Hz to 15kHz typ. - - 1.4 dB 
max. 7 = 4.0 dB 
f=1kHz, B=200Hz typ. 2.0 2.0 1.2 dB 
max. 10 10 4.0 dB 
OUTLINE AND DIMENSIONS 
Conforms to B.S, 3934 SO -12A/SB3-6A 
J.E.D,E.C. TO-18 
0.48 
max 
4.8 _————] 
max 
oo Ty 
5.3 i 
max 12.7 min 
AU dimensions in mm 03648 


Collector connected to case 
Accessories available: 56246, 56263 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BC 107 BC 108 BC 109 
Vv cpo ™?* 50 30 30 Vv 
Vv CEs ™2* 50 30 30 Vv 
Varo max. 45 20 20 Vv 
VeRO max, 6.0 5.0 5.0 Vv 
I c max. 100 100 100 mA 
Tom max. 200 200 200 mA 
eM max. 200 200 200 mA 
lM max. 200 200 200 mA 
Perot max Tap < 25°C) 300 300 300 mW 
Temperature 
Tate range ~65 to +175 °C 
T, max. 175 5 6 
THERMAL CHARACTERISTICS 
Reatj-emb) 0.5 °C/mW 
RB icj-saae) 0.2 °c/mw 
ELECTRICAL CHARACTERISTICS (T= 25°C unless otherwise stated) 
Min. Typ. Max. 
a 
CB des ama | 
“BE orga vee, OV 550 620 700 mV 
Gai * "CE ~* 
| 1, =10mA, Vop => WV 7 - 770 mV 
Vor (sat) Collector -emitter saturation 
voltage 
I, =10mA, 1, =0. 5SmA = 90 250 mV 
Ia =100mA, IB =5.0mA = 200 600 mV 
Var (sat) Base-emitter saturation 
voltage 
I, =10mA, 1,20. SmA - 700 - mV 
1, = 100mA, 1,=5.0mA “ 900 7 mV 
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SILICON N-P-N PLANAR 
EPITAXIAL TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


VoEK 


FE 


fe 


Collector knee voltage 
we 


I= ma at Vogal Ov 


=10mA, I, =the value for which 


Static forward current transfer ratio 

1,=2,0mA, V_.,=5.0V BC 107 

e GE BC 108 
BC 109 


Small signal forward current 

transfer ratio 

1,=2.0mA, V__=5.0V, f=1. OkHz 

e ce BC 107 
BC 108 
BC 109 


Transition frequency 

In =10mA, Vor =5.0V, f=35MHz 
Collector capacitance 

Tal, =o Voge 10V, f=1. OMHz 
Emitter capacitance 

IQ=1,=9, Vipt? 5V, f=1. OMHz 
Noise figure 

1, =0.2mA, V...=5.0V, R, =2.0k2 


Cc CE Ss 
f=30Hz to 15kHz BC 109 
f=1.0kHz, B=200Hz BC 107/108 


BC 109 


Mullard 


Min. 


110 
110 


240 


300 


(V) 


Max. 
600 mV 
450 
800 
800 
500 
900 
900 
7 MHz 
4.5 pF 
= pF 
4.0 dB 
10 dB 
4.0 dB 
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ELECTRICAL CHARACTERISTICS (contd. ) 


The following supplementary gain groups are available on request: - 


~ BC1O7A BC 107B 
BC 108A BC108B BC 108C 
BC 109B BC 109C 
h Static forward current 
FE : 
transfer ratio 
L,=10uA, V_=5.0V min. - 40 100 
¢ ae typ. 90 150 270 
1,2 OmA, Vag => OV min. 110 200 420 
typ. 180 290 520 
max. 220 450 800 
h parameters 
1,=2.0mA, VaR zs OV, f=1. OkHz 
he Input impedance min. 1.6 3.2 6.0 kQ 
typ. 2.7 4.5 8.7 kQ 
max. 4.5 8.5 15 kQ 
h_, Voltage feedback ratio typ. 1.5 2.0 3.0 x104 
he Small signal current gain min. 125 240 450 
typ. 220 330 600 
max. 260 500 900 
oe Output admittance typ. 18 30 60 pA/V 
max. 30 60 110 pA/V 
10° . - : - D3780 
transient thermal impedance from junction to ambient versus 
Zar (_-yPulse duration 
th{j- 
(°C/W) 
10° 
d=10 
Pe) Ty 
102 0.2 
0 
10 Ot | | | | 
Q 
t dat 
i = ee 
1 “6 =5 = 3 
10 10 o* 03 1072 7 4 0 107 t(s) 10 


Mullard 


BC 107-Page 4 


SILICON N-P-N PLANAR BC107 


EPITAXIAL TRANSISTORS 
BC108 
BC109 
03655 6 D3659 
ig ypical curves I¢ i 
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Base current versus# 
collector current 
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SILICON N-P-N PLANAR 
EPITAXIAL TRANSISTORS 
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SILICON N-P-N PLANAR BC107 
EPITAXIAL TRANSISTORS BC108 


HVce=5v 
HT} =25°C 
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BC107 
BC108 
BC109 


SILICON N-P-N PLANAR 
EPITAXIAL TRANSISTORS 
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TYPICAL CURVES OF CONSTANT NOISE FIGURE 
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SILICON N-P-N PLANAR 
EPITAXIAL TRANSISTORS 


BC109C 


BC107B 
BC106B 
BC109B 
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typical curves 
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N-P-N SILICON PLANAR BC147 
EPITAXIAL TRANSISTORS BC148 


BC149 


N-P-N silicon planar epitaxial transistors in plastic encapsulation with three rigid 
self-locking strips suitable for insertion in printed circuit boards using standard 
grids. 


The BC 147 is primarily intended for use in audio driver stages and television signal 
processing circuits. 


The BC 148 is a general purpose 1.f. transistor. 


The BC149 is primarily intended for low noise audio input stages. 


QUICK REFERENCE DATA 
BC147 BC148 BC149 


CES 


Vv max, 
Voro 


max. 


cm™*- 


te) 
max. (Tambo 2? C) 


P 
tot 


Tj max. 


he, (Iq =2mA, Vor =5V, f=1kHz) 


fp (I, = 10mA, VoR =SV, f=35MHz) 
N (ig =200HA, Vop =5V, Rg =2kQ) 
f=30Hz to 15kHz 


f=1kHz, B=200Hz 


Unless otherwise stated data are applicable to all types 


OUTLINE AND DIMENSIONS 


For details see page 5. 


Front View 
Scale 3:1 


05542 


N.B. Devices in this Data Sheet should be ordered by the type number followed by 
Reference 0220. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BC147 BC 148 BC149 
Voro max. 50 30 30 Vv 
Vors max. 50 30 30 Vv 
VoRo max, 45 20 20 Vv. 
Viepo max. 6.0 5.0 5.0 Vv 
In max. 100 100 100 mA 
lom max. 200 200 200 mA 
“lam max, 200 200 200 mA 
Tom max. 200 200 200 mA 
| Pot max: (Tap = 25°C) 350 350 350 mW 
Temperature 
Teg Tange -65 to +125 ig 
t max. 125 Cc 
| THERMAL CHARACTERISTICS 
Repac) 0,275 °c/mw 
| ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise stated) 
Min. Typ. Max. 
co So es ke 
CB aay <a saa | ‘ 
| Von 720V> Ip =0 - 0.01 0.6 pA 
| “BE Tay se 550 620 700 V 
Cee ae 
1, =10mA, Vog = OV > 7 770 mV 
VoR(sat) Collector~emitter saturation 
voltage 
1, =10mA, 1, 70. SmA = 90 250 mV 
In =100mA, 1, =5.0mA = 200 600 mV 
ee ee es 
Iu =100mA, 1,55. OmA 900 - mV 
“VER decreases by about amv/°C with increasing temperature. 
WV en(sat) decreases by about 1. 7mmv/°C with increasing temperature. 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


BC147 
BC148 
BC149 


ELECTRICAL CHARACTERISTICS (contd. ) Min. Typ. Max. 
VoRK Collector knee voltage (see Fig. 1) 
Ta =10mA, I, =the value for which 
1, =imA at V4, =1.0V - 300 600 mV 
VcEK 1 Vee (V) 
Fig. 1 
hop Static forward current transfer ratio 
1, =2.0mA, VoR7> OV BC 147 110 - 450 
BC148 110 - 800 
BC 149 200 “ 800 
hee Small signal forward current 
transfer ratio 
1, =2.0mA, V,_=5.0V, f=1.0kHz 
2 oe BC 147 125 2 500 
BC 148 125 - 900 
BC 149 240 = 900 
fp Transition frequency 
1,=10mA, Vop = OV, f=35MHz # 300 - MHz 
Cre Collector capacitance 
Tp =1,=9: Voge lov, f=1. OMHz = 2.5 4.5 pF 
Cre Emitter capacitance 
TQ =1,=9, Ving 0-5; f=1.0MHz 7 9.0 - pF 
N Noise figure 
Io =0.2mA, Vor =5.0V, Rg =2.0k2 
f=30Hz to 15kHz BC 149 + 1.4 4.0 dB 
f=1.0kHz, B=200Hz BC 147/148 = 2.0 10 dB 
BC149 = L,2, 4.0 dB 
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ELECTRICAL CHARACTERISTICS (contd. ) 
The following supplementary gain groups are available on request: - 


BC147A BC147B 
BC148A BC148B BC148C 
BC149B = BC 149C 


h Static forward current 
FE 3 
transfer ratio 
1, =10nA, V__=5.0V min. - 40 100 
¢ Se typ. 90 150 270 
1, =2.0mA, Vop =>: WV min. 110 200 420 
typ. 180 290 520 
max. 220 450 800 


h parameters 
1, 72.0mA, VaR 75 OV, f=1.0kHz 


hie Input impedance min, 1.6 3.2 6.0 kQ 

typ. 2.7 4.5 8.7 kQ 

max. 4.5 8.5 15 ka 

ve Voltage feedback ratio typ. 1.5 2.0 3.0 xlov4 
hee Small signal current gain min. 125 240 450 
typ 220 330 600 
max. 260 500 900 

Hoe Output admittance typ. 18 30 60 pA/V 

max. 30 60 110 pA/V 
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N-P-N SILICON PLANAR BC147 
EPITAXIAL TRANSISTORS BC148 


3-5 DS545 
1.75 


ae 
tou | 


Connections 
1, Emitter 
0.7 
2, Base 
— 3. Collector 
rad 03 if 
i a as ey eee.) 00: 
+85 All dimensions in mm 
Mounting details A Maximum thickness of 
printed board = 1.7mm 
b Recommended hole 
| diameter = 1.0 to 1.1mm 
-~A®— =) 5 (1.0 to 1.3mm allowable) 
| | loa 
—@-—+ B 


Maximum thickness of 
printed board = 1. 1mm 
a = 2,49 to 2,59mm 
Hole diameter = 0, 77 to 0.83mm 
b=5,03 to 5.13mm 
: DS546 


See also General Explanatory Notes Section IV. 


Mullard 


BC 147-Page 5 


D5550 


4 


VcelV) 


2 


BCI47 to BC149 


Mullard 


BC 147-Page 6 


10° Ip (uA) 10% 


To 
ase 
cee 
it 
” i 
“6 
<e 
2 ”n wsss5 Si3ss i555 22S = 
a ae Siicee eee tis Hr 
e200 SSS i 
oO 
< secre tn Mt 35 
Za © > 
Or €5 t5 
© a ae ies 
— nee = 
ai < 38 32 
== 5 a 
ox oe $ 2 
z< &3 oS 
T 
a. a n ~~ ~~ rN) 
ss o oc <x 1 
Zw ~ " € £E = 


BC147-Page 7 


Mullard 


Base current versusHi 
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N-P-N SILICON PLANAR BC147 
EPITAXIAL TRANSISTORS BC148 


TT 
I BC147 to BC149 


BC147 to BC149 ef 
KY aS, 
e al ip See 48 
200 = tt t age 
Voe (sath rT TH hae 
(mV) =f = t 
1 To 
150 HH ; 
5 woe 
Tr 4 
4 eS 
100 4 Ht 
it ti BI 
50 -- 
or sy 
ie] — 
Vee (sat) {mV} -50 0 50 T,(*C) 100 
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D5560 
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N-P-N SILICON PLANAR BC147 


ITAXIAL TRA 

EPIT NSISTORS . BC148 
BC149 
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TYPICAL CURVES OF CONSTANT NOISE FIGURE 
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BC147 
BC148 
BC149 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


10? 


Tc (mA) 


10 


107! 


‘ 


BC1498 


j 225°C 
= 1kHz 


typical curves 


hfe 
500 
B0Ob 24 
300 
200}--—~ 
100 
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P-N-P SILICON PLANAR BC157 
EPITAXIAL TRANSISTORS BC158 


BC159 


P-N-P silicon planar epitaxial transistors in plastic encapsulation with three rigid 
self-locking strips suitable for insertion in printed circuit boards using standard 


grids. 

The BC157 is primarily intended for use inaudio driver stages and television signal 
processing circuits. 

The BC158 is a general purpose 1.f. transistor. 

The BC159 is primarily intended for low noise audio input stages. 


. GV =1V 
max ( ) 


max. 


fe) 
max, (T amb = 2° C) 


Tj max. 


hee (Ig =2mA, Vor = 5V, f = JkHz) min. 
max. 


CE™ SV, f = 35MHz) 
N (-Ig = 200uA, Vor = 5V, Rg = 2kQ) 


f = 30Hz to 15kHz typ. 
max. 


fp typ. (-I, = 10mA, -V 


f = JkHz, B = 200Hz max. 


Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS 


For details see page 5 


Front View 
Scale 3:1 


DS542 


N.B. Devices in this Data Sheet should be ordered by the type number followed by 
Reference 0220, 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BC157 BC158 BC 159 
Varo max, 50 30 25 Vv 
Vorx max. Vpn = IV) 50 30 25 Vv 
eee max 45 25 20 Vv 
“Vero max 5.0 5.0 5.0 Vv 
ate max. 100 100 100 mA 
low max 200 200 200 mA 
Tom max 200 200 200 mA 
Tam max 200 200 200 mA 
Prot MAX (Tamb #=25°C) 350 350 350 mW 
Temperature 
T stg range -65 to +125 °C 
T; max. 125 9. 


THERMAL CHARACTERISTICS 
Reh (j-amb) 0, 275 °c/mWw 


ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise stated) 


Min. Typ. Max. 
loRo Collector cut-off current 
In =0, “Vog = 20V = 2.0 100 nA 
= = = = 9, 2 = 
1, =9, Vop 20V, Ey 125°C 5.0 pA 
VeE *Base-emitter voltage 
ate =2mA, Vor =5V 600 650 750 mV 
-V Collector -emitter saturation voltage 
eR ee ‘Ig = 10mA, -Ip = 0.5mA - 75 300 mv 
To = 100mA, TR = SmA = 250 a mV 
-V Base-emitter saturation voltage 
Fees, “I, = 10mA, -Ip = 0.5mA - 700 mV 
Ty = 100mA, Th = 5mA = 850 - mV 


* “Vor decreases by about 2mV/°C with increasing temperature 
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P-N-P SILICON PLANAR BC157 
EPITAXIAL TRANSISTORS BC158 


BC159 


ELECTRICAL CHARACTERISTICS (cont’ d) 


Min. Typ. Max. 
VorK Collector knee voltage (see Fig. 1) 
IG =10mA, I, = the value for 
which aie = 11mA at Vor =1V - 250 600 mV 


-I¢ 
(mA) 


1 
10 


~Voek 1 -Vee (V) 
Fig. 1 
h Static forward current 
FE ; 
transfer ratio 
-l,_ =2mA, -V =5V_ BCI15S7 - 140 - 
e ae BC1S8 : 210 : 
BC159 - 230 - 
heg Small signal forward current 
transfer ratio 
Io =2mA, Vor = 5V, 
f = 1kHz BC157 75 . 260 
BC158 75 7 500 
BC159 125 = 500 
fr Transition frequency 
‘Ig =10mA, -Vop = SV, 
f = 35MHz - 150 = MHz 
Cre Collector capacitance 
Ip = I, =0, Vog =10V, 
f = IMHz - 4.5 - pF 
N Noise figure 
le = 200uA, “Vcr =5V, Rg = 2kQ 
f = 30Hz to 15kHz BC159 = 1.2 4.6 dB 
f = lkHz, B = 200Hz BC157, 158 * - 10 dB 
BC159 - 1.0 4.0 dB 
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ELECTRICAL CHARACTERISTICS (cont'd) 


The following supplementary gain groups are available on request: 


BC157  BC158A BC158B 
BC159A = BC.159B 


hep Static forward current transfer ratio 
Io =2mA, Vor= 5V typ. 140 180 290 
hee Small signal forward current 
transfer ratio 
ate = 2mA, Vor = SV, min. 75 125 240 
f = 1kHz max. 260 260 500 
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P-N-P SILICON PLANAR BC157 
EPITAXIAL TRANSISTORS 


OUTLINE AND DIMENSIONS 


Connections 

1, Emitter 
0.7 2, Base 
i. 3, Collector 


: ss taxi POPS AT 25a 2 
1-85 All dimensions in mm 


Mounting details Maximum thickness of 


printed board = 1.7mm 


Recommended hole 
diameter = 1.0 to 1.1mm 
(1.0 to 1.3mm allowable) 


-@—|—O 
| | se 
oars Maximum thickness of 
DSS546 


printed board = 1.1mm 
a = 2,49 to 2,59mm 


Hole diameter = 0.77 to 0. 83mm 
b = 5.03 to 5. 13mm 


See also General Explanatory Notes Section IV. 
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P-N-P SILICON PLANAR BC157 
EPITAXIAL TRANSISTORS BC158 
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P-N-P SILICON PLANAR BC157 
EPITAXIAL TRANSISTORS BC158 
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05582 


-Vog25V 
\kHz 


f 


Typical values 
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P-N-P SILICON PLANAR BC327 
EPITAXIAL TRANSISTORS BC328 


P-N-P silicon planar epitaxial transistors in plastic envelopes, primarily intended 
for use in driver and output stages of audio amplifiers. 
The BC327, BC328 are complementary to the BC337 and BC338 respectively. 
QUICK REFERENCE DATA. 
BC327 BC328 
50 30 
45 25 


tot 
a max. 


max, (T 
ca 


< 45°C) 
as 


Ss 


fr typ. (-I,= 10mA, Vor 5V, £=35MHz) 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 
Similar to TO-92 


es 5.2max =I 12.7 min a 
fa Sexe 


48 ex ; Si 
254 - 3 65 oe ey 
max ORK trax I 
- aps | 
| CL ! 
Dimensions within Feinael ee All dimensions in mm 
are uncontrolled 047450 


Mullard 


MARCH 1974 BC327-Page 1 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BC327 BC328 
Vors max. Vpp7 9 50 30 Vv 
E . (L.= 4 
Voro Max: (“I= 10ma) 5 25 Vv 
Vigo ™2* 5.0 Vv 
ly max. 500 mA 
- . 1000 
Tom max 0 mA 
lou max. 1000 mA 
I max. 100 mA 
oe max. ; 200 mA 
tot max. Le = ee 500 mW 
*T <25 C 625 mW 
amb- A 
T <45°C 625 mW 
case- 
Temperature 
T -65 to +150 . 
stg 7 
a max. 150 
THERMAL CHARACTERISTICS 
. aay ° 
Ren gj-amb) in free air 0,25 eo 
* 
Ren(j-amb) 0.20 ent 
0.17 C/mW 


Rian -case) 


*The transistor mounted on a printed circuit board, max. lead length 3mm, mounting 
pad for collector lead min. 10 x L1Omm. 


ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise stated) 
Min. Typ. Max. 


-I ‘CBO Collector cut-off current 
1,79, Vop>20V ; - - 100 nA 
1,79, “Vop®20V, Tete c - - 5.0 pA 
-I Emitter cut-off current 
EBO 
=9. - = s = A 
I Cc 0, V op 5V 10 py 


Mullard 


BC327-Page 2 


P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


Vor 


VoR(sat) 


FE 


** Base-emitter voltage 
IQs 500mA, -V =1V 


CE 


Min, 


Collector-emitter saturation voltage 
Ty =500mA, I =50mA 


Static forward current transfer ratio 
I =100mA, Vor =1V 


AQe 500mA, -V Eg lV 


Cc 


Transition frequency 
A, =10mA, Vor 5V, {=35MHz 


Collector capacitance 
T=1,=0, Von 10V, f=1MHz 


D.C. current gain ratio 
of matched pairs BC327/BC337 


[I 


ol 


=100mA, 


BC328/BC338 


Vor| =1V 


100 
40 


100 


8.0 


1.25 


** AV E decreases by about amv/°C with increasing temperature. 


B 
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P-N-P SILICON PLANAR BC327 


EPITAXIAL TRANSISTORS 
. BC328 
06135 D6136 
18 I 
“Voge = SV 
Tj =25°C 
-I¢ 
(mA) 4 
1 co 
seiner rift aaa 
10 
mai 
in min Veeltyp max 
if | : oe 
4 4 
ft 
rH : im 
t 
HH 
0 
0.25 0.75  -VgelV) 1.25 0 0S ~VaelV) 1 


secs 


Ut 
oT ee | 
7 2 5 
1 10 107 =I, {mA} 
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P-N-P SILICON PLANAR BC327 
EPITAXIAL TRANSISTORS BC328 


APPLICATION INFORMATION 


2.2W transformerless audio frequency amplifier with matched pair BC327/BC337 
in complementary class B output stage; Tomb <= 50°C 


BZY88-C1V3 
stabistor 


Performance at V, = 29V, R, = 502 


Ss L 
Collector quiescent current of BC337 I cQ typ. 1 mA 
Input voltage for Po = 50mW Vv, typ 7 mV 
Input voltage for PS =2W Vv; typ. 46 mV 
Output power at f = 1kHz, Got = 10% PL typ. 2.2 Ww 
Frequency response (3dB) 50 to 15 000 Hz 


This amplifier needs no external cooling fin, provided each output transistor is 
mounted with its leads not longer than 3mm. The collector lead must, in addition, 
be soldered to a copper area of at least 10mm x 10mm. (See page 2). 
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APPLICATION INFORMATION (continued) 


=f 
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N-P-N SILICON PLANAR BC337 
EPITAXIAL TRANSISTORS BC338 


N-P-N silicon planar epitaxial transistors in plastic envelopes, primarily intended 
for use in driver and output stages of audio amplifiers. 
The BC337, BC338 are complementary to the BC327 and BC328 respectively. 


QUICK REFERENCE DATA 
BC337 BC338 
50 30 
45 25 


max. (T____< 45°C) 
case - 


tot 
T, max. 
J 


fn typ. (i= lomA, V_.=5V, £=35MHz) 


CE 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS 
Similar to TO-92 


4 0.35 
4 min 
4.2 
max 
16 Ee 5.2max a 12.7 min 
=i 4 0.48 
H 4 max 
0.65 = 
max al 
=a 
[ea ee 
Dimensions within 25max, | LL All dimensions in mm 
are uncontrolled D47450 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BC337 BC338 
Vors MX: Vp =?) 50 30 
Vv CEO max, 45 25 
Ves oO max. 5.0 
I Cc max. 500 
I cM max, 1000 
“Ty ™2*- 1000 
i, max, 100 
I3M max. “ 200 
RSE max. Tomb = a 500 
*T <25 C 625 
amb- — é 
T <45 °C 625 
case - 
Temperature 
Totg -65 to +150 
7 max, 150 
THERMAL CHARACTERISTICS 
Run(j-amb) in free air 0.25 
* 
Ra (j-amb) 0.20 
Rin(j-case) adh 


°C/mw 
°o/mw 
°o/mw 


*The transistor mounted on a printed circuit board, max. lead length 3mm, mounting 


pad for collector lead min. 10 x 10mm. 


ELECTRICAL CHARACTERISTICS (T; =25°C unless otherwise stated) 


Min. Typ. 
I Collector cut-off current 
CBO 
= = s = 0. 

IL, 0,V CB 20V : 100 
1,79, Vop™20V, ‘(ieee Cc - - 

lop oO ay eee current ; , 
Cc ” EB 
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Max. 


pA 


pA 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


Min. Typ. 
oe SS Soma, vest ns 
Cc > "CE 
Vor (sat) I=500mA, I,-50mA voltage : : 
hy, E rgeinetaha gee transfer saat : 
Cc > “CE 
1,7 500mA, Voptlyv 40 - 
‘T : parte op f=35MHz - 200 
Cc > "CE g 
“re r ees oe f=1MHz - 5.0 
Ee ’ CB * . 
hoe D.C. current gain ratio of 
h matched pairs BC337/BC327 
FE2 BC338/BC328 
al =100mA, Vog| =1V - 1.25 
“Von decreases by about amv/°C with increasing temperature, 
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BC337 
BC338 


Max. 

1.2 Vv 
700 mV 
600 

- MHz 

a pF 

1.40 
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N-P-N SILICON PLANAR 


BC337 
BC338 


EPITAXIAL TRANSISTORS 


D6141 


D6140 


600 
Ic 
(mA) 
400 


Ve E{sat) 
{V) 


Te(mA) 


10? 


BC337~Page 5 


Mullard 


==== 


102 


= 
oO 
w 


BC337 -Page 6 


N-P-N SILICON PLANAR BC547 
EPITAXIAL A.F. TRANSISTORS BC548 


BC549 


Silicon planar epitaxial n -p-n transistors in plastic envelopes. The BC547 is primarily 
intended for use indriver stages of audioamplifiers andin signal processing circuits 
of television receivers. The BC548 is suitable for low voltage applications e.g. 
driver stages or audiopre-amplifiers and in signal processing circuits of television 


receivers. 
The BC549 is primarily intended for low noise input stages in tape recorders, high 
quality amplifiers and other audio frequency equipment. 


QUICK REFERENCE DATA 
BC547 BC548 
50 30 
45 20 
200 200 


° 
Pe max, UO 25°C) 300 300 300 


a max. 150 150 150 


bee (I, =2mA,V_,,, =5V, f= 1kHz) 125-500 125-908 240-900 
fp typ. I, = Ma ge =5V,f=35MHz) 300 300 
NQ, =200pA, Vor =5V, R, = 2kQ) 


f =30Hz to 15kHz typ. 
max. 


f =1kHz, B=200Hz typ. 
max. 


Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS 
Similar to TO-92 4 aas 


7266480 


diameter within 2Siae| 
is uncontrolled 


All dimensions in mm 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BC547 BC548 BC549 
Vv cpo ™8* 50 30 30 Vv 
Vv crs ™4*- 50 30 30 Vv 
Varo max. 45 20 20 Vv 
Vino max 6.0 53:0) 5.0 Vv 
nn ttc 
Io max. 100 mA 
| Tom max 200 mA 
“lon. max 200 mA 
lot max, 200 mA 
oO 
Peg max. (Tomb 25°C) 300 mW 
Temperature 
ay -65 to +150 "G 
stg 
a max. 150 °c 
THERMAL CHARACTERISTICS 
‘ ‘ Co) 
R sn(j-amb) in free air 0. 25 C/mWw 
° 
Bnejcane) 0.17 C/mW 
ELECTRICAL CHARACTERISTICS (T, =25°C unless otherwise stated) 
Min. Typ. Max. 
loRo Collector cut-off current A 
=0, =20V,T.= - - : 
LL, Vor 20V T, 125°C 5.0 BA 
Vor *Base-emitter voltage : 
Io =2mA, Vor =5V 550 620 700 mV 
ye apie oA - - 770 mV 
“Vor decreases by about 2mV/ °C with increasing temperature 
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N-P-N SILICON PLANAR BC547 
EPITAXIAL A.F. TRANSISTORS BC548 


ELECTRICAL CHARACTERISTICS (cont' d) 
Min. Typ. Max. 


Vv CE(sat Collector-emitter saturation voltage 
eat I, = 10mA, 1, =0.5mA : 90 250 mv 
Io =100mA, I, =SmA - 200 600 mV 
Vv {Base-emitter saturation voltage 
BEAee) I, = 10mA, I, =0.5mA - 700 : mV 
Io =100mA, i =omA 7 900 7 mV 
Vv CEK Collector knee voltage 
Ia =l0mA, I, = the value for 
which I, =1lmA, at Vor =1V = 300 600 mV 
h fe Small signal current gain 
In =2mA, Vop 7 5V: f= IkHz, BC547 125 = 500 
BC548 125 - 900 
BCS49 240 - 900 
fp Transition frequency 
1, =10mA,V__, =5V, f =35MHz - 300 7 MHz 
Cc CE 
Cre Collector capacitance 
I =I, =0, V,p= 10V, f= IMHz - 2.5 4.5 pF 
Coe Emitter capacitance 
=I =0, =0. = = . = 
Ig I, Vip 0. 5V,f=1MHz 9.0 pF 
N Noise figure 
Io =200uA, Vor =S5V, Rg =2kQ 
f=30Hz to 15kHz BC549 = 1.4 4.0 dB 
f=1kHz, B=200Hz BC547, 548 = .0 10 dB 
BC549 = 1.2 4.0 dB 
One eds , 
Wor (sat) decreases by about 1.7mV/ C with increasing temperature 
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ELECTRICAL CHARACTERISTICS (cont’ d) 


The following supplementary gain groups are available on request: 


hor Static forward current transfer 
ratio 
= 10pA = . 
In BA, V CE 5V typ 
Ta = 2mA, Vor =5V min. 
typ. 
max. 


h parameters (common emitter) 
Ia =2mA, Vor =5V, f=1kHz 


ie Input impedance min 


ee Voltage fé¢edback ratio typ. 


Nee Small signa} current gain min. 


Noe Output admittance typ. 
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BC547A 
BC548A 


90 
110 
180 
220 


BC547B 
BC548B 
BC549B 


BC548C 
BC549C 


270 
420 
520 
800 


6.0 
8.7 
15 


3.0 
450 
600 
900 


60 
110 


kQ 
kQ 


x10 


pumho 


pmho 
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N-P-N SILICON PLANAR 
EPITAXIAL A.F. TRANSISTORS 


150 


D4591 


=I 
ypical values 


é 4593 102 
bcd } {Typical values ; 
: zo Re Ee Lae Bie wy 
t T=25°C -+-f Vae=650mV 
Ie Eo t : 
(mA) PTT 
—- + TT 
iat j 
4 640 
4 4-4 + aan ioe 
630 
Se RISES isfef 
i 620 i; 
2 
TTT e1ol | 
f 
600) 
[Tt ise5 | | 
560 _ 
0 
0 5 Vee (V) 10 
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Typical values 


300 
Vee (mV) 
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BC547 
BC548 
BC549 


EPITAXIAL A.F. TRANSISTORS 


N-P-N SILICON PLANAR 


DL596 
D489? 


i 
za 
en 

oo ee 

Eines 

ra 
sae w= ey SS | —_ i 
: = =o 
H n 
a Bina 
oe 
£ "Ee 7 o@ 
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min. typ. max. 
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N-P-N SILICON PLANAR 
EPITAXIAL A.F. TRANSISTORS 


typical v 
Voe=5V 


alue 


4071 ; ‘ ; © 7 49 Te (ma) > 
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Ic =0.2mA LY 
Vee=5V 

Rg= 2k 
B= 200Hz 
Tj) =25°C 


Mullard 


BC547 Page 10 


N-P-N SILICON PLANAR 


BC547 
BC548 
BC549 


EPITAXIAL A.F. TRANSISTORS 


- 


SN, 
NIN | 


NNT | 


UT 


U 
oy: 


\ 
K 


10% Rs (ko) 105 


a 
=0.5 to10V 


typical values 


Vc 


Constant noise figure curves 
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04608 
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N-P-N SILICON PLANAR 


EPITAXIAL A.F. TRANSISTORS 


Sa Cai ia Saat iy alee apie as, TaN 
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_P-N-P SILICON PLANAR BC557 
EPITAXIAL A.F. TRANSISTORS BC558 


BC559 


Silicon planar epitaxial p-n-p transistors in plastic envelopes. The BC557 is primarily 
intended for use in driver stages of audioamplifiers andin signal Processing circuits 
of television receivers. The BC558 is suitable for low voltage applications e.g. 
driver stages or audiopre-amplifiers and in signal processing circuits of television 
receivers. 
The BC559 is primarily intended for low noise input stages in tape recorders, high 
quality amplifiers and other audio frequency equipment. 
QUICK REFERENCE DATA 
BC557  BC558 BC559 
50 30 25 
45 25 20 
200 200 200 
te) 
tot b = 25°C) 300 300 300 
7 max, 150 150 150 
he, (-I, =2mA, Vor =SV, f=1kHz) 75-260 75-500 125-500 
fp typ. (-I,= 7 CE 7>V: £=35MHz) 
N (Ia =200uA, Vor =5V, R= 2k2) 


f=30Hz to 15kHz typ. 
max. 


f=1kHz, B=200Hz typ. 


P.) max. (Tan 


Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS 
Similar to TO-92 


7266460 


ay a 


diameter within 2.5 max 
is uncontrolled 


Alt dimensions in mm 
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RATINGS 
Limiting values of operation according to the absolute maximum system. 


Electrical 
BC557 BC558 BC559 
“Vopo max. 50 30 25 Vv 
Vorx max. (+V BE IV) 50 30 25 Vv 
Varo max. 45 25 20 Vv 
Vien max. 5.0 °§.0 5.0 Vv 
-I Cc max. 100 mA 
-I CM max. 200 mA 
Lom max. 200 mA 
“lpm max. 200 mA 
t) 
Rise max. (smb ~2° Cc) 300 mW 
Temperature 
° 
T stg -65 to +150 Cc 
T j max. 150 °% 
THERMAL CHARACTERISTICS 
; ° 
Run (j-amb) in free air 0, 25 C/mWw 
° 
Ren(j-case) 0.17 C/mW 
ELECTRICAL CHARACTERISTICS (T j =25°C unless otherwise stated) 
Min. Typ. Max. 
Topo Collector cut-off current ‘ 
L, =0, -V.,=20V, T,= 25C - 1.0 100 nA 
E CB J 5 
T, 2125 C = - 4.0 HA 
Vor *Base-emitter voltage 
ly = 2mA, Vor =5V 600 650 750 mV 
1 =10mA, Vor =5V - - 820 mV 


* Vor decreases by about amv/°C with increasing temperature 
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P-N-P SILICON PLANAR 
EPITAXIAL A.F. TRANSISTORS 


ELECTRICAL CHARACTERISTICS (cont' d) 


VoR(eat) 


“VE (eat) 


CEK 


fe 


TV er veat) 


Collector -emitter saturation voltage 


I, = 10mA, IR =0, 5mA 


To =100mA, 2m =SmA 


{Base -emitter saturation voltage 


I, = 10mA, -1, =0.5mA 
“Ig = 100mA, -1, = SmA 


Collector knee voltage 


la = 10mA, “I, =the value for 
which Iq =llmA at Vor =1lV 


Min. Typ. 


7 75 
= 250 


= 700 
z 850 


; 250 


“Voek 1 


Small signal current gain 
-l, =2mA, -V_., =5V,f=1kHz BC557 
e ce BC558 
BCS59 


Transition frequency 
In =10mA, Vor =5V, f=35MHz 


Collector capacitance 
lL, sl, #O5Vag® 10V ,f = 1MHz 
Noise figure 
“ly = 200pA, Vor =5V Ry = 2kQ 


f=30Hz to 15kHz BC559 
f=1kHz, B= 200Hz BC557, 558 
BCS59 


Mullard 


-Vce (V) 
75 7 
75 2 
125 - 
= 150 
= 4.5 
< 1,2 
2 2.0 
- 1.0 


decreases by about 1. 7mV/ °C with increasing temperature 


600 


500 


4.0 


mV 
mV 


mV 
mV 


mV 


MHz 


dB 
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ELECTRICAL CHARACTERISTICS (cont’ d) 
The following supplementary gain groups are available on request: 


BC557 BC558A 


BC559A 
bop cae iris migaaiericaas ratio ie ssi san 
Cc ’ "CE : 
“fe ae ss rae a ae ay f=1kHz min 75 125 
Cc * "CE : : 
max. 260 260 
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BC558B 
BC559B 


290 


240 
500 
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P-N-P SILICON PLANAR | BC557 
EPITAXIAL A.F. TRANSISTORS BC558 


4614 450 


Typical values - | 
an = 
| | 


% TTT 
CeCe 


Ua , 

aP=.seenee 

A PT 

LEeEasee 

etre 

eee eee 
o# ry 4am SEGRE Sees 
0 1 Vee (V) 2 0 10 -Voe (V) 20 


= 
u 
mR 
wu 
oul 
o< 


Iz 
PUT jd its 


scsit 
Fee 


at 


HH 


Hy 


ae 
He 
ae 


10 
0 500 -Veeimv) 1000 -100 0 100 Tj{°C) 200 
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P-N-P SILICON PLANAR | BC557 
EPITAXIAL A.F. TRANSISTORS BC558 


D462! 


800 


SRSA aaa 


Rae aes 
as ie 
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04623 
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AMHz 
j=25°C 
LI 
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P-N-P SILICON PLANAR 


BC557 
BC558 


EPITAXIAL A.F. TRANSISTORS 


BC559 


j 


atues 


typical v 


TA, 
AS 


ane eal 


IWAN) A AU | 


05 to 10V 


typical values 


“Vee 


iN 


Constant noise figure curves 
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H min. P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


BCW29R 
BCW30R 


Silicon p-n-p planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits. 


-L, = 200pA, -V 


Cc 


QUICK REFERENCE DATA 


BCW29R 
BCW30R 


= 5V, f = 35MHz 


CE" SV, R, = 2kQ, 


f = 1kHz, B = 200Hz 


30 

20 

200 

200 

150 
120 - 260 


‘215 - 500 


150 


Unless otherwise stated data is applicable to both types 


OUTLINE AND DIMENSIONS 


JULY 1973 


max Identification 
code:C4=BCW29R 
C5=BCW30R 


All dimensions in millimetres 
Plan view from above 
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oti 


= ae 
LLi ti ty Ta 
o 


Ss 


typical value: 


300 (-——7—T TTT 
ee 


BCW29R - Page 4 
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ymin, P-N-P SILICON PLANAR BCW29R 
EPITAXIAL TRANSISTORS BCW30R 


— 


HE 
500 7 13 + 2 


10 * sIgtmay "10? 
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“min. N-P-N SILICON PLANAR ~BCW31R 
EPITAXIAL TRANSISTORS BCW32R 


BCW33R 


Silicon n-p-n planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits. 


QUICK REFERENCE DATA 


30 
20 
200 
200 
150 


BCW31R 110 - 220 
BCW32R 200 - 450 
BCW33R 420 - 800 
typ., la = 10mA, Vor = 5V, f = 35MHz 300 
max., Ia = 200uA, Vor = 5V, Rg = 2kQ, 
f = 1kHz, B = 200Hz 10 


Unless otherwise stated data is applicable to all types 
OUTLINE AND DIMENSIONS 


D5674 


max max Identification 
1.2 code: D4=BCW3IR 
max D5=BCW32R 
D6=BCW33R 


All dimensions in millimetres 
Plan view from above 


Mullard 


JULY 1973 . BCW31R - Page 1 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
: $ Vv CBO max. 30 Vv 
s =2, 
CEO max dy OmA) 20 Vv 
VeRO max. 5.0 Vv 
To max. 100 mA . 
Tom max. A 200 mA 
P max. T = 25 C, mounted ona ceramic 
tot amb 
substrate of 7x5 x 0.5mm 200 mW 
Temperature 
T -65 to +150 “6 
stg : é 
T; max. 150 Cc 
THERMAL CHARACTERISTICS 
Ren(j-amb) Thermal resistance between junction 
J and ambient, the device mounted on 6 
: a ceramic substrate of 7 x 5 x 0.5mm 0. 62 C/mW 
ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise stated) 
Min. Typ. Max. 
lopo Collector cut-off current 
1, =0, Vop = 20V , = - 100 nA 
1, =9, Vop = 20V; ES ee = = 10 pA 
Ver Base-emitter voltage 
Iu =2.0mA, Vor =5.0V 550 = 700 mV 
Vv CE (sat) Collector -emitter saturation voltage 
Io = 10mA, I, = 0.5mA = 120 250 mV 
To =50mA, lL =2,.5mA < 210 - mV 
VEE (sat) Base-emitter saturation voltage 
Io =10mA, I, = 0.5mA - 750 * mv 
7 = =2, = = 
‘ Ig 50mA, I, SmA 850 mV 
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220 


BCW31R 
BCW32R 
BCW33R 


Typ. 


110 


Min. 


Static forward current 


transfer ratio 


N-P-N SILICON PLANAR 


EPITAXIAL TRANSISTORS 


hog 


p min. 
ELECTRICAL CHARACTERISTICS (contd. ) 
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min. N-P-N SILICON PLANAR BCW31R 
EPITAXIAL TRANSISTORS BCW32R 


BCW33R 


ae 
== 


Ne 
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1000 Vae(mV) 20 Veg tV¥) 30 
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min. P-N-P SILICON PLANAR BCW69R 
EPITAXIAL TRANSISTORS BCW70R 


swan go 


Silicon p-n-p planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits. 


QUICK REFERENCE DATA 


BCW69R_ 120 to 260 
BCW70R_ 215 to 500 
ae 2 = f= 
Ia 10mA, Vor SV, 35MHz 150 
“3 - = = 2kQ, 
max la Q 


f = 1kHz, B = 200Hz 


Unless otherwise stated data is applicable to both types 


OUTLINE AND DIMENSIONS 


max = Identification 
code:H4=BCW69R 
H5=BCW70R 


{ 

All dimensions in millimetres | 
Plan view from above oe a 

# 

a 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
-V CRO max. 
iad CES max. 
Varo max. (Ia = 2.0mA) 
a ere ai 
In max. 
lon max. 
P max. T = 25 C, mounted on a ceramic 
tot amb 
substrate of 7x5 x 0.5mm 
Temperature 
stg 
T max. 


THERMAL CHARACTERISTICS 


Ring -amb) 


Thermal resistance between junction 
and ambient, the device mounted on a 
ceramic substrate of 7 x 5 x 0.5mm 


ELECTRICAL CHARACTERISTICS (7; = 25°C unless otherwise stated) 


- Collector cut-off current 
=0, - =2 
ln 0, -V cB OV : 
Ih =0, Vor = 20V, a =100C 
-V Base-emitter voltage 
I, = 2.0mA, Vor =5.0V 
Collector -emitter saturation voltage 
I = 10mA, I, = 0.5mA 
-I_, = 50mA, Tp =2.5mA 


VoR(sat) 


“Vor (sat) Base-emitter saturation voltage 
le = 10mA, I, = 0.5mA 
ate = 50mA, I, = 2.5mA 


Mullard 


Min, 


600 


50 Vv 

50 Vv 

45 v 

5.0 Vv 

100 mA 

200 mA 

200 mW 

QO 

-65 to +150 Cc 

+150 °c 
ie] 

0. 62 C/mWw 
Typ. Max, 

- 100 nA 

- 10 uA 

- 750 mV 

80 300 =mv 

150 - mV 

720 - mV 

810 - mV 
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pmin. P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


. Min, Typ. 
hon Static forward current transfer ratio 
ate = 10nA, Vor =5.0V BCW69R-~ - 90 
BCW70R_~ - 150 
ate = 2.0mA, Vor = 5.0V BCW69R_ 120 - 
BCW70R 215 - 
fr Transition frequency 
ate = 10mA,--V 45, = 5.0V, f = 35MHz - 150 
Coe Collector capacitance 
1, =f, =, ~Vop = LOV, f = 1.0MHz - - 
N Noise figure 
-L, = 200uA, -V =5.0V, Rg = 2. 0k2, 


Cc CE 
f = 1,0kHz, B = 200Hz e 7 


100 T(°C) 150 
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BCW69R 
BCW70R 


Max, 
260 
500 
- MHz 
7.0 pF 
10 dB 
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min. P-N-P SILICON PLANAR BCW69R 


H 
EPITAXIAL TRANSISTORS BCW70R 
400 
-Vceisat) 
(mV} 


200 


wight 


(mV) 


700 


HE 


ee al 
1 2 5 Ed 


10 7 sIgtmay 710” 
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=5V 
25°C 
35MHz 


Vee 
yj 


ee bu 


ymin. N-P-N SILICON PLANAR BCW71R 
EPITAXIAL TRANSISTORS BCW72R 


Silicon n-p-n planar epitaxial transistors in microminiature plastic envelopes, 
intended for low level general purpose applications in thin and thick film circuits. 
QUICK REFERENCE DATA 
50 
45 
200 
200 
150 


= 2mA, Vor = 5V BCW71R_ 110 to 220 
BCW72R_ 200 to 450 
= 10mA, Vor = 5V, f = 35MHz 300 MHz 
ly = 200pA, Vor =5V,R 


S = 2kQ, 
f = 1kHz, B = 200Hz 


Unless otherwise stated data is applicable to both types 


OUTLINE AND DIMENSIONS 


~ max max = Identification 
1.2 code: K4=BCW7IR 
max K5=BCW72R 


All dimensions in millimetres 
Plan view from above 


JULY 1973 BCW71R - Page 1 


Mullard 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vopo max. 50 Vv 
Voro max. (I, = 2.0mA) 45 Vv 
VERO max. 5.0 Vv 
To max. 100 mA 
Tom max. P 200 mA 
P max. T 25 °C, mounted on a ceramic 
tot amb 
substrate of 7 x 5 x 0.5mm 200 mW 
Temperature 
T -65 to +150 °c 
stg 5 
Br max, 150 Cc 
THERMAL CHARACTERISTICS 
Ru (j-amb) Thermal resistance between junction 
J and ambient, the device mounted on é 
a ceramic substrate of 7 x 5 x 0.5mm 0. 62 C/mWw 
ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise stated) 
Min. Typ. Max. 
loBo Collector cut-off current 
> = = = 
I 1, V CB 20V - 100 nA 
I, =9, Vop = 20V, Lee C- 2 - 10 pA 
Vor Base-emitter voltage 
In =2.0mA, Vor =5.0V 550 - 700 mV 
Vor (sat) Collector -emitter saturation voltage 
Ia =10mA, Ih = 0.5mA < 120 250 mV 
Io = 50mA, I, = 2.5mA - 210 7 mV 
Ver (sat) Base-emitter saturation voltage 
Ig = 10mA, L = 0.5mA - 750 © mV 
L, = 50mA, I, = 2.5mA : 850 - mV 


Cc 
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BCW71R 
BCW72R 


N-P-N SILICON PLANAR 


EPITAXIAL TRANSISTORS 


# min. 


ELECTRICAL CHARACTERISTICS (contd. ) 


% 
a 
2 


Typ. 


Min. 


29 
rar AW 
a3 
RB | a | 
ee 28 
mN 
[<n 
o & 
bee ER 
S pe Be 
2&8 BR 
a 
8 2 5 
os ed re) 
wo Ww ML 
3" ras] 
te iS) 
5D > 
a > i 
a 8 
Fe & 
~ i} u 
9 
gs Y 
8 
a 
{3] 
he 
p~ 


Transition frequency 


f 


MHz 


300 


= §.0V, £=35MHz 


{ 


CE 


Collector capacitance 


10mA, V 


Cre 


pF 


4.0 


0, Vop= 10V, £=1. OMHz 


an 


I=! 


Noise figure 


2. OkQ, 


In = 200uA, Vor = 5.0V, R, 


- dB 


10 


200Hz 


f = 1.0kHz, B= 


TOM ooo 
NTT 
UT SNS TT 
TT TSA 
1000 SS 
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Ba 
TTT 


nC 


=5V 


typical values 
Vee 
Tj =25 
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' min. N-P-N SILICON PLANAR BCW71R 
EPITAXIAL TRANSISTORS BCW72R 


- 
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05683 


E 
aeean 


BES 
| 


SER tenses 
LT ti yt | 
1000 Vge(mV) ) 10 20 Vogt) 30 
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} min. P-N-P SILICON PLANAR BCX17 
EPITAXIAL TRANSISTORS BCX18 


P-N-P silicon planar epitaxial transistors in a microminiature plastic envelope in- 
tended for application in thick and thin film circuits. These transistors are intended 
for general purposes as well as saturated switching and driver applications for in- 
dustrial service. 


The BCX17 and BCX18 are complementary to the BCX19 and BCX20 respectively. 


QUICK REFERENCE DATA 


BCX17 BCX18 
50 30 
45 25 
1000 
te) 
max. (Tamb 25°C) 310 
T; max. 150 
h (Ig = 100mA, Vor = 1,0V) 100 to 600 


FE 
fr typ. Cl, =10mA, -V__ =5.0V, f = 35MHz) 100 


CE 


Unless otherwise stated data are applicable to both types ; 


OUTLINE AND DIMENSIONS - For details see page 2 


z 


24 x actual size ; Y . 
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OUTLINE AND DIMENSIONS 
All dimensions in millimetres 


Plan view from above 


og 
10.01 min Ey a 
; ae 
7“ solder. 1 ° Tdentification code 
7 material H ; 
: oes | 0.43" 14. BCKx17 
12=BCX18 


1.2mm D5146 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BCX17 BCX18 
Vors max. 50 30 Vv 
oro max. (1, = 10mA) 45 25 Vv 
VERO max. 5.0 5.0 Vv 
“Ig max, 500 mA 
“low max 1000. mA 
lam max 1000 mA 
-I, max. 100 mA 
lpm max. 200 mA 
P| max. T < 25°C, mounted on a ceramic 
tot amb — 
substrate of 15 x 15 x 0.5mm 310 mW 
Temperature 
T - 65 to +150 ee 
stg 
T, max. 150 °c 
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H min. P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


THERMAL CHARACTERISTIC 


Thermal resistance between junction 
and ambient, the device mounted on 
a ceramic substrate of 15 x 15 x 0.5mm 0.4 


Rin(j-amb) 


ELECTRICAL CHARACTERISTICS a =25°C unless otherwise stated) 


Min. Typ. 
“loR Collector cut-off current 
=0, - a 5 a 

i Vv CB 20V : 

1, =9, WY apg AON TS Oe zs = 
Ippo Emitter cut-off current : 

In =0, Vip =5.0V 2 = 
Vor *Base emitter voltage 

ate = 500mA, Vor =1.0V - 
Vor (sat) Collector -emitter saturation voltage 

I = 500mA, “Ip = 50mA . = = 
he Static forward current transfer ratio 

ate = 100mA, Vor = 1.0V 100 = 

Ip = 300mA, Vor = 1.0V 70 : 

ale = 500mA, Vor = 1,0V 40 = 
fp Transition frequency 

“IL, = 10mA, Vor = 5- OV, f = 35MHz * 100 
Cre Collector capacitance 

also “Vop = 10V, f = 1.0MHz < 8.0 


is Var decreases by about 2mV/ °c with increasing temperature. 
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°c/mw 

Max. 
100 nA 
5.0 pA 
10 | uA 
1.2 Vv 
620 mV 

600 

. MHz 
= pF 
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BCX17 
BCX18 


0 

3 

<2 

onl 

=0 

Zu 

On 

a2 

= 

vr 

a. 

a! 

- itt 
“ HIT 
:< 

£ =) ° o 
ee 3 & ag = 
= 


cc) ass a (8 


T 
(MHz) 
300 
200 
100 
0 
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OUTLINE AND DIMENSIONS 
All dimensions in millimetres 


Plan view from above 


. aw 
y~ solder ba 


0.85 max material | ‘ | 0.43™a% 


1.2 max 
> 


Identification code 
UI=BCX19 — 
U2=BCX20 


D847 


RATINGS 
Limiting values of operation according to the absolute maximum system, 
Electrical 
BCX19 BCX20 

Vv CES max. 50 30 

Voro max. a, = 10mA) 45 25 

VERO max. 5.0 5.0 

Ig max,” 500 

Tom max. 1000 

“Tygyy POX: 1000 

i max, 100 

Tim max. 200 

P_ max., T <25°C, mounted on a ceramic 

tot amb — 
substrate of 15 x 15 x 0.5mm 310 

Temperature 

T -65 to +150 

stg 
T; max, 150 
THERMAL CHARACTERISTIC 
Run (j-amb) Thermal resistance between junction 
J and ambient, the device mounted 
on a ceramic substrate of 15 x 15 x 0.5mm 0. 4 
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mW 


°C mW 
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p! min. N-P-N SILICON PLANAR BCX19 
EPITAXIAL TRANSISTORS BCX20 


ELECTRICAL CHARACTERISTICS T; =25°C unless otherwise stated) 


Min. Typ. Max. 


I Collector cut-off current : 4 


I, =0, Vop = 20V - = 100 


nA 
= = = 0 - - 
1, =9, Vap = 20V, T, = 150°C 5.0 BA 


I Emitter cut-off current 
=0, =5. 7 - 10 
Io Vip 5.0V BA 
V. *Base emitter voltage q 


1, = 500mA, Vor 71-0V - = 1.2 v 


Collector -emitter saturation voltage 


Vv 
CE (sat) Iq = 500mA, I, = 50mA : % 620 mV 


h Static forward current transfer ratio 


FE . : 
I, = 100mA, V,, = 1.0V , 100 600 


Seek... 


I, = 500mA, Vog = 1-0V 40 4 - 

fr. Transition frequency , : a 
1, =10mA, V_. =5.0V, f = 35MHz - 200 - MHz 
Cc CE 

Coe Collector capacitance : ey 
1, =1, = Vag = 10V, f = 1. OMHz - 5.0 7 pF 


“VBE decreases by about 2mV/ °C with increasing temperature. 
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0.25 


y min. N-P-N SILICON PLANAR BCX19 
EPITAXIAL TRANSISTORS  BCX20 
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N-P-N SILICON, PLANAR 
DARLINGTON TRANSISTOR BCX21 


TENTATIVE DATA 


Silicon n-p-n planar Darlington transistor for industrial high gain linear applica- 
tions. Encapsulated in the TO-39 envelope with the collector connected to the can. 


QUICK REFERENCE DATA 
Vopo 
Vor max. 


Cc 


° 
tot ™* an 450} 


P 

° 
Ps max. (T ase 2° Cc) 
bog min. (i, =150mA, Vag = OV) 
Vv max, (I, =1.0A, 1,71. 0mA) 


CE(sat) 
typ. (i, =500mA, I =0.5mA) 


L, max, 
t 


Core Bion) ~ ~‘Boff) 


OUTLINE AND DIMENSIONS 
Conforms to B.S. 3934 SO -3/SB3-3B 
J.E.D.E.C. TO-39 


c 
0.48 
max 
as 4 
| 
§6 
pes 12.7 a 
min 
e 
Ali dimensions in mm 15% DL810 


Collector connected to case 
Max. lead diameter is only guaranteed for 12. 7mm from the can. 
Accessories available: - 56218, $6245, 56265 
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Sen a tat aes 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Vv CBO max. 


Vor max. (See note below) 


o 
mp2 2 ©) 


0 
Pot ae T case 22) 


Temperature 


Tag range 


T, max. 
J 


THERMAL CHARACTERISTICS 


Ren(j-amb) 
R in(j-cage) 


Note: - 


60 
45 
10 


1.0 


-65 to +150 


150 


220 


35 


> 


= = 


R._. = 39k2 essential to ensure thermal stability of input stage at oF max. 


BE 
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N-P-N SILICON PLANAR 
DARLINGTON TRANSISTOR BCX21 


ELECTRICAL CHARACTERISTICS 7; = 25°C unless otherwise stated) 


Min. Typ. Max, 
loRO . oe aa ; ; Pe a 
CB * VE 
TE BO eae rong aan : - ” a 
EB i Rica © : 
hor ae Sap gor agent ratio Scag ; ; 
ej * "CE 
Io = 150mA, Vor = 10V 2000 ~  % 
Ig = 500mA, Vor = 10V 1500 7 - 
Ver salient Meee ; ; bg F 
Cc " "CE . 
Vv CE(sat) I= S00mA, Ty OrSma voltage ; : “ 7 
1, = 1.04, I, = 1.0mA - ~ 1.6 Vv 
Von sae) Base-emitter saturation voltage E 
Ia = 500mA, T = 0.5mA - - 1.9 v 4 
1, = 1.04, I, = 1.0mA = = 2.2 Vv : 3 
hee sare iy ees i gegrctias ratio ; M4 : ; : 
ic 7 029A, Vag = 5. OV, 
“Te Vane chin sera ao OMHz 3 10 : pF 
CB * "Ee , is 
Switching times 
In = 500mA, Ta(on) = “h oft) = 0. SmA 
toh Turn-on time . - = 400 ns 
‘oft Turn-off time - 700 1500 ns 
Mullard ; 
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SILICON N-P-N EPITAXIAL BCX31 
PLANAR TRANSISTORS to 


TENTATIVE DATA 


Plastic-encapsulated high performance transistors with TO-S compatible pinning, 
primarily intended for general purpose industrial applications, but also for audio 
drivers and audio output. 
QUICK REFERENCE DATA 
BCX31 BCX32 BCX33 BCX34 
100 80 60 
80 60 40 
1.0 2.0 2.0 2.0 A 


max. T = 25% , 
amb 


free air 
on printed circuit (note 2) 


1, =150mA, Vv = 10V 


FE CE 


fp min. Iq = 50mA, Vor =10V, 


f = 35MHz 


Data are applicable to all types unless otherwise stated, 


OUTLINE AND DIMENSIONS 
For details, see page 4 


Front View 
Scale 3:1 


DSS42/a 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical BCX31 BCX32 BCX33 BCX34 
Vago ™2* 100 80 60 40 Vv 
Vopo™* 80 60 40 30 Vv 
fe 6. - ¢ . 
Veo max 0 6.0 6.0 6.0 Vv 
lo max. 0.5 1.0 1.0 1.0 A 
Tom max. 1.0 2.0 2.0 — 2.0 A 
Ty max 0.5 1,0 1.0 1.0 A 
tom max 1.0 2.0 2.0 2.0 A 
i" max. 100 mA 
tlm max. 200 mA 
P max., T <=25°C 
tot amb 
l. Free air 0. 73 Ww 
2. Mounted on typical printed circuit (Note 1) 0. 83 WwW 
3. On printed circuit (Note 2) 1.0 WwW 
4, As in 3. but with 6cm2 heatsink attached 
to the body of the transistor 1.4 Ww 
5. Infinite heatsink case and leads 2.2 WwW 
Temperature 
0 
T atg 65 to +150 Cc 
T, max. 150 Mer 
THERMAL CHARACTERISTICS 
. : o 
R n(j-amb) in free air 170 c/w 
NOTES 


1. Printed circuit board with 1.5mm copper track. 


2. Printed circuit board with collector mounting pad area 1.0 x 1. Ocm (min. ) 
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SILICON N-P-N EPITAXIAL 


x 


PLANAR TRANSISTORS 


ELECTRICAL CHARACTERISTICS T, = 25°C unless otherwise stated) 


‘oBo 


EBO 


VR (sar) 


VBE(sat) 


Collector cut-off current 


Ig =) Vg = 80V BCX31 
Iz = 0, Vg = 60V BCX 32 
I, = 0, Vog = 40V BCX33 
I, =, Vag = 30V BCX34 
Ty = 9 Vag = 80V, T= 100°C BCX31 
I = 0 Vog = 60V, T, = 100°C BCx32 
1, = 0 Vog = 40V, re 100°C BCX33 
1 = 0. Vog = 30V, T, = 100°C BCX34 
Emitter cut-off current 

1, = 0, Vag = 5V 


Static forward current transfer ratio 
ly =10mA, Vor =10V BCX31, BCX33 
BCX32, BCX34 


In = 150mA, Vor = 10V BCX31, BCX33 
BCX32, BCX34 


BCX31, BCX33 
BCX32, BCX34 


BCX32, BCX34 
BCX33 


Collector saturation voltage 
1. =150mA, I. = 15mA 


Cc B 
I =0.5A, Ih = 50mA 


Cc 
I, =1.0A, I, = 100mA BCX32, 33, 34 


Cc 


1, =0.5A4, V 


Cc cE 7 10V 


= 1.04, = 
1, = 1.0, Va, = 10V 


Base -emitter saturation voltage 


1, = 0.5A, I, = 50mA 

I, = 1.04, I = 100mA BCX32, 33, 34 
Collector capacitance 

I, = 1, =, Vog = 1OV. £ = 1.0MHz 


Transition frequency 
In = 50mA, Vor = 10V, f = 35MHz 


Mullard 


Min, 


80 


Typ. 


10 
10 
10 


Max. 
100 nA 
100 nA 
100 nA 
100 nA 
5.0 uA 
5.0 vA 
5.0 uA 
5.0 uA 
100 nA 
350 mV 
800 mV 
1600 mV 
1.5 Vv 
2.0 Vv 
12 pF 


5 MHz 
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3-5 LSS45 


Comections 
1. Emitter 
2. Base 

uf 3. Collector 
d 0. : 
| 4lies02 (3x) rad 0.35 25 
1-85 + All dimensions in mm \. 18 (3x) 
jounting details , 


a = 2.49 to 2.59mm 


b 
b = 5.03 to 5.13mm 


Maximum thickness of 


printed board = 1.7mm 
Recommended hole 
diameter = 1,0 to 1.imm 
(1.0 to 1.3mm allowable) 


B 


Maximum thickness of 

printed board = 1.1mm 

Hole diameter = 0.77 to 0.83mm 
pSS46 TZ i LZ See also General Explanatory Notes Section [V. 
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SILICON N-P-N EPITAXIAL BCX31 
PLANAR TRANSISTORS to | 


Maximum total oe ae curves +++} TTT Mounting 
PTT Tf |1 Free air 
Beene | 1}2 Printed circuit 
rT {| ttt] | | }3 Printed circuit with 
HH | | tem2 
a mm 
ne a ae 
oe PTT Ty YT | nfini ie 
PNT ec PEL 
PON SE 7 
— ane PSE SP ayy 
INET TT it TTT] 
SaReeeaNeee bt 2 = 
CEES REE EEE j 
Soeeeeeens COSUEHEEETTEEEE : 
NTT TT TN TTT 
Seunasceuasscerzsts 
PisL TT EN PNET] f 
tis at | PN EN ui 
SSR SSET SECS 
= aS en SEna~SEeR ; 
LOSS CS AN 
Py TESA TOS i 
HH HEH SS ‘ y 
| Py TTT TT ORSSS8 
PPPS ESTO 
Pie ooo Sa mS | 
oLLTTTTtTT el COE EEE EEE EEE EEE EHS 


E 
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Rae ae or Cee 
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BCY31 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C unless otherwise stated) 
Min. Typ. Max. 


loso Collector cut-off current 

Von = -6V, lz = 0 — 1.0 50* nA 

Ven = -6V, lz = 0, Tamp = 100°C — 0.1 2.5 pA 
leno Emitter cut-off current 

Ves = -6V, lc = 0 _ 1.0 50* nA 

Ves = -6V, Ic = 0, Tamp = 100°C — 0.1 2.5 pA 
VoEisat) Collector-emitter saturation voltage 

Io = 250nA, Ip = S50nA — -55 -170 mV 

Io = 20mA, ls = 3mA ; _ -130 -550* mV 
Hre Smail signal forward current 

transfer ratio 

Vox = -6V, lc = 1mA, f = 1ke/s 25* 35 60* 
fy Transition frequency 

Vcr = ~6V, Ic = imA 0.25* 17 = Mc/s 
hre Large signal forward current 

transfer ratio 

Vom = -4.5V, lc = 20mA 15 28 60 
Vaz Base-emitter voltage 

Vex = -4.5V, le = 20mA —_ -0.80 -1.45 Vv 
NF Noise figure 

Vow = -2V, le = 500nA, 

f = 1ke/s, Rs = 5002 _ 8.0 20 dB 
tre Vox = -6V, Ic = 1MA _ 25 _ 
Tpb’ Veg = -6V, Ic = 1mA, f = 500ke/s 100 220 500 
Cte Von = ~6V, Iz = 0, f = 500ke/s 15 28 60 pF 


h-parameters 
Vop = -6.0V, Io = 1.0mA, o = 104 radians 
Common emitter 


Nie Input impedance _ 1.4 _ kQ 
hre Voltage feedback ratio , _ 6.0 — x10-4 
hoe Output admittance _ 25 —  pmho 


+The value of re given here is < . Le é, where lx is in mA and T is in °K. 
Ez 


*These are the characteristics which are recommended for acceptance testing 
purposes. 
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stein BCY30 
Series 


BCY32 


ELECTRICAL CHARACTERISTICS (Tamy = 25°C unless otherwise stated) 
Min. Typ. Max. 


lcBo Collector cut-off current 

Ven = -6V, In = 0 — 1.0 50* nA 

Von = -6V, In = 0, Tamy = 100°C — 0.1 2.5 uA 
Ino Emitter cut-off current 

View = -6V, le = 0 _ 1.0. 50* nA 

Ven = -6V, lo = 0, Tam) = 100°C = — 0.1 2.5 uA 
Verisaty  Collector-emitter saturation voltage 

Io = 2502A, In = 50uA —_— -55 -170 mV 

Ic = 20mA, ly = 3mA —_~ -120 -550* mV 
hte Small signal forward current 

transfer ratio 

Ver = -6V, lc = ImA, f = tke/s 35* 55 80* 
fr Transition frequency 

Vor = -6V, Ic = 1mA 250* 2.5 _ Mc/s 
hre Large signal forward current 

transfer ratio 

Vor = -4.5V, Io = 20mMA 20 35 70 
Var Base-emitter voltage 

Vor = -4.5V, le = 20mA _ -0.80 -1.45 Vv 
NF Noise figure 

Vox = -2V, Iz = 500uA, 

f = tke/s, Rg = 5002 _ 8.0 20 dB 
Tre Vor = -6V, lo = 1ImA — 25 _ Q 
Ppp’ Ver = -6V, Ic = 1mA, f = S00kc/s 110 230 500 Q 
Cte Ves = -6V, Iz = 0, f = 500ke/s 15 28 60 pF 
h-parameters 


Ver = -6.0V, Ic = 1.0mA, w = 104 radians 
Common emitter 


hie Input impedance — 1.7 —_ kQ 
hre Voltage feedback ratio _ 5.0 — x04 
oe Output admittance : — 30 — umho 


fThe value of re given here is < : pe 3, where Ix is in mA and T is in °K. 
eB lz 


*These are the characteristics which are recommended for acceptance testing 
purposes, 
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ELECTRICAL CHARACTERISTICS (Tamp = 25°C unless otherwise stated) 
Min. Typ. Max. 


leno Collector cut-off current 
Ven = -6V, ip = 0 —_— . 1.0 50* nA 
Von = -6V, Ig = 0, Tamy = 100°C = — 0.1 2.5 pA 
leno Emitter cut-off current 
Ven = -6V, Ic = 0 _ 1.0 50* nA. 
Ven = -6V, Ic = 0, Tamy = 100°C — 0.1 2.5 pA 
Vexwaty _ Collector-emitter saturation voltage 
Ic = 250nA, In = 50uA — 55 -170 mV 
lo = 20mA, In = 3mA _ ~160 -550* mV 
Hte Small signal forward current 
transfer ratio 
Von = -6V, lc = 1mA, f = tke/s 15* 25 35* 
fp Transition frequency 
Veg = -6V, Ic = 1mA 0.4* 1.5 _ Mc/s 
hre Large signal forward current 
transfer ratio 
Veg = -4.5V, Ic = 20mA 10 18 35 
Viz Base-emitter voltage 
«a Vor = -4.5V, le = 20mA _ -0.85 -1.45 Vv: 
NF Noise figure 
Vee = -2V, Iz = 500zA, 
{ = ike/s, Rs = 500Q — 8.0 20 dB 
tre Vcx = -6V, Ic = imA —— 25 — Q 
Tp’ Voz = -6V, Ic = 1mA, f = 500kc/s 60 190 500 Q 
Cte Von =-6V, lz =0, f = 500kc/s 15 28 60 pF 


h-parameters 


Veg = -6.0V, lo = 1.0mA, © = 40+ radians 
Common emitter 


hie Input impedance _ 1.1 _ kQ 
hre Voltage feedback ratio _ 3.0 — x104 
hoe Output admittance _ 17 —  ymho 
{The value of re given here is < . Le 2, where Ix is in mA and T is in °K. 


*These are the characteristics which are recommended for acceptance testing 
purposes. 
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TRANSISTORS | BCY30 


Series 
BCY34 


ELECTRICAL CHARACTERISTICS (Tamp = 25°C unless otherwise stated) 
Min. Typ. Max. ; 


lcno Collector cut-off current 

Ven = -6V, Iz = 0 — 1.0 50* nA 

Ves = -6V, lz => 0, Tamb => 100°C — 0.1 2.5 pA 
lERO Emitter cut-off current 

Ves = -6V, Ic = 0 _ 1.0 50* nA 

Ver = -6V, Ic = 0, Tamy = 100°C 9 01. 2.5 pA 
Verisaty)  Collector-emitter saturation voltage 

lo = 250uA, Is = 50uA _ -55 -170 mV 

lc = 20mA, Ip = 3mA _— ~-130 -550* mV 
hte Small signal forward current 

transfer ratio 

Vcr = -6V, Ic = 1mA, f = tke/s 25* 35 60* 
fr Transition frequency 

Ver = -6V, lc = 1mA 0.6* 2.4 —_— Mc/s 
hee Large signal forward current 

transfer ratio 

Ver = -4.5V, lc = 20mMA 15 28 60 
Var Base-emitter voltage 

Veg = -4.5V, Ic = 20mA — -0.80 -1.45 Vv 
NF Noise figure 

Vox = -2V, lz = 500zA, 

f = 1ke/s, Rs = 5000 _ 80 20 dB 
Tre Vex = -6V, Ic = 1mMA — 25 aad 
Top’ Vor = -6V, Ic = 1mA, f = 500ke/s 50 235 500 
Cte Ves = -6V, Iz = 0, f = 500kc/s 15 28 60 pF 
h-parameters ; 


Vor = -6.0V, Ic = 1.0mA, w = 104 radians 
Common emitter 


hie Input impedance _ 1.4 _— kQ 

re Voltage feedback ratio — 6.0 — x04 

oe Output admittance — 25 — yumho 
kT 1. 25 


tThe value of re given here is ais x where lg is in mA and T is in °K. 
ez fr 


*These are the characteristics which are recommended for acceptance testing 
‘ purposes, 
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SOLDERING AND WIRING RECOMMENDATIONS 


When using a soldering iron, transistors may be soldered directly into the 
circuit, but heat conducted to the junction should if possible be kept to a 
minimum by the use of a thermal shunt. 


Transistors may be dip-soldered at a solder temperature of 245°C for a maxi- 
mum soldering time of 5 seconds. The case temperature during soldering 
must not at any time exceed the maximum storage temperature. These 
recommendations apply to a transistor mounted flush on a board having 
punched-through holes, or spaced at least 1.5mm above a board having 
plated-through holes. 

ss should be taken not to bend the leads nearer than 1.5mm from the 
seal. 


If devices are stored above 100°C before incorporation into equipment 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult, Under these circumstances the 
leads should be retinned using a suitable activated flux. 
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VARIATION OF COLLECTOR CUT-OFF CURRENT WITH 
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VARIATION OF COLLECTOR CUT-OFF CURRENT WITH 
JUNCTION TEMPERATURE. BCY33 AND BCY34 
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TYPICAL VARIATION OF LARGE SIGNAL FORWARD CURRENT TRANSFER 
RATIO WITH COLLECTOR CURRENT 
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TRANSISTORS: BCY30 
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BCY38 
SILICON P-N-P “thes 


JUNCTION TRANSISTORS BCY40 
BCY54 


Silicon p-n-p alloy junction transistors for relay switching, resistor logic 
circuits and general industrial applications. TO-5 construction, The base 
of the transistor is connected to the metal envelope. 


QUICK REFERENCE DATA 


BCY38 BCY39 BCY40 BCY54 
Vv cB max, a, =0) 


Vor max, (cut-off) 


max, Go =500mA) 


° 
fi =25 
Peo t max, (T amb C) 
= 10-30 10-50 15-120 
La a,= 150mA) 


* 1.5 1.5 2.5 
fy typ. 


Unless otherwise shown data is applicable to all types in the series 


OUTLINE AND DIMENSIONS 
Conforming to V.A.S.C.A,. SO-3/SB3-3A . 


J.E.D.E,C. TO-5 A 
[22447] : 
B 


es 


ld 


Thé base of the transistor is connected to the metal envelope ; 


Millimetres Millimetres Millimetres 
t, + 
‘A 8,9. or8 D 5.08 nom, G 0.45 nom. 
~ 0.26 
+0,35 +0,07 
* 

B 8.15 04 E O98 Eo og H 0.4 nom. 
c 6.3540, 25 F 38 min, J 0.857 916 


~0.11 nad 
*Thickness of locating tab ' 
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RATINGS 


Limiting values of operation according to the absolute maximum system as 
defined in publication 134 of the International Electrotechnical Commission. 


Electrical 


i a, = 0) 
. (cut-off) 


@, = 9) 


(1, = 500mA) 


BCY38 
~32 


*Averaged over any 20ms period, 


Thermal 
+ max, 
=z max. 
stg 


Tate min. 


THERMAL CHARACTERISTICS 
(in free air) 


°;-amb 


e, 
j-case 
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SILICON P-N-P ecy3s 
JUNCTION TRANSISTORS | BCY39 


BCY54 


SOLDERING AND WIRING RECOMMENDATIONS 


1. 


= 


When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should, if possible, be kept 
to a minimum by the use of a thermal shunt. 


Transistors may be dip-soldered ata solder temperature of 245 °C fora 
maximum soldering time of 5 seconds, The case temperature during 
soldering must not at any time exceed the maximum storage temperature , 
These recommendations apply to a transistor mounted flush on a board 
having punched-through holes, or spaced at least 1.5mm above a board 
having plated-through holes. 


Care should be taken not to bend the leads nearer than 1.5mm from the 
seal, 


If devices are stored above 100°C before incorporation into equipment , 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be re-tinned using an activated flux. 
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TYPICAL VARIATION OF COMMON EMITTER LARGE*SIGNAL FORWARD 
CURRENT TRANSFER RATIO WITH COLLECTOR CURRENT 
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TYPICAL VARIATION OF COMMON EMITTER SMALL SIGNAL FORWARD 
CURRENT TRANSFER RATIO WITH COLLECTOR CURRENT 
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JUNCTION TRANSISTORS 
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RATIO WITH JUNCTION TEMPERATURE, NORMALISED AT 25°C 
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TYPICAL VARIATION OF LARGE SIGNAL FORWARD CURRENT TRANSFER 
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TYPICAL VARIATION OF SMALL SIGNAL FORWARD CURRENT TRANSFER 
RATIO WITH CASE TEMPERATURE. NORMALISED AT 25 C 
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SILICON P-N-P te: BCY38 


JUNCTION TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Te ap 725 C unless otherwise stated) 


I CBO Collector cut-off current 
=e = - -_ * 
Yop 6. 0V, i 0 100 nA 
- 1.0 - nA 
Yess 1, =, 
Tamb = 100 Cc - 0.1 2.5 pA 
Typo Emitter cut-off current 
=_ = - ~ 4 
Vip 6.0V, i, 0 100 nA 
- 1.0 - nA 
Vep= 78 Ae 1,=0, 
Tamb 100 C - O12 pA 
bog Large signal forward current 
transfer ratio 
1, =30mA, Vog 771. 0V 12 20 - 
= =e = * 
I, 150mA, Vor 1,0V 10 30’ 
= 13 - 
147 300mA, Vog =~ 6. OV - 10 - 
Vv CE (sat) Collector-emitter saturation 
voltage 
1,=150mA, I, =15mA - -0.58 -1.1 V 
Var Base-emitter voltage 
= = =< = ~1, 9* 
I, 150mA, Vor 1,0V 1.9% V 
- -1.5 - Vv 
I, Base current 
= = ~ * 
L 150mA, Yop 0 5.0 14* mA 
NF Noise figure 
1, =500pA, Vog 77 2-0V, 
f=1.0ke/s, R, =5002 - 8.0 20 dB 
tr, 1,=1.0mA, Vopr 776. 0V - 25 - Q 
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*These are the characteristics which are recommende 
purposes. 


{The value of Re given here is ——° 


Min. 
I,71-0mA, Vaqp=~6-0V, 

£=500ke/s - 
1,70, Vog=—6- OV, 

£=500kc/s - 
I,=lomA, Vog=~6.0V, 

£=1, 0ke/s 15 
Ig=1.0mA, Vo_=~6.0V 0,45 


k’ 


1 2% 
am 
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Max, 
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150 pe 
100 

5  - Mc/s 


d for acceptance testing 


where I, is in mA and T is in °K, 
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TYPICAL COMMON EMITTER OUTPUT CHARACTERISTIC 


SILICON P-N-P 
JUNCTION TRANSISTOR BCY38 
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TYPICAL COMMON EMITTER TRANSFER CHARACTERISTIC AT LOW - 
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SILICON P-N-P BCY39 


JUNCTION TRANSISTOR 


ELECTRICAL CHARACTERISTICS (Thm =25°C unless otherwise stated) 


b 
Min. Typ. Max, 


I CBO Collector cut-off current 
s- = a = *e 
Vop 6. 0V, 1, 0 100 nA 
' - 1.0 - nA 
MOR Ta? 1,79 
=1 - : A 
Tomb 00 'C 0.1 2.5 pA 
lop oO Emitter cut-off current 
74 = a we bad 
Vip 778: 0V, 1-0 100* nA 
- 1,0 - nA 
Vepn=* 6. we 1,=9, 
T amb = 2° Cc - 0.1 2.5 pA 
h Large signal forward current 
FE ; 
transfer ratio 
1,730mA, Vog =71-0V 12 30 - 
= =- - * 
Iu 150mA, Vor 1,0V 10 . 50 
= 19 - 
Ty 7300mA, Vop 778.0 - 15 - 
VcE (sat) Collectors niier saturation 
voltage 
1,=150mA, I, =15mA - -0.46 -1.1 Vv 
Var Base-emitter voltage 
= se a 4 a ba 
I 150mA, Vor 1,0V 1.9 Vv 
- ~1,5 = Vv 
I Base current 
= = € ee * 
1, 150mA, Vop 0 3.0 14 mA 
NF Noise figure 
Iu =500uA, Vor" 2.0V, 
f=1. 0ke/s, R, =5002 - 8.0 20 dB 
tr, 1,71.0mA, Vog 776. OV - 25 - Q 
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Typ! 1,=1.0mA, Veg =78.0V, 

£=500ke/s - 110 250 Q 
1 1,79, Von =-6.0V, 

f=500kc/s = 60 150 pF 
by, 1,=10mA, V,,=-6.0V, 

f=1. 0ke/s 15 35 100 
fp I,=1.0mA, V,,=-6.0V 0.45 1.5 - Mc/s 


*These are the characteristics which are recommended for acceptance testing 
purposes. 


TThe value of r given here is . -t = 25 where L is in mA and T is in OK, 
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SILICON P-N-P 
JUNCTION TRANSISTOR 


ELECTRICAL CHARACTERISTICS (T 


CBO 


EBO 


FE 


Vor (sat) 


BE 


NF 


tr 
e 


Collector cut-off current 


Vop=78- OV, I,=0 


Von 775. ov, 1, =9, 


ah 0 
T amb =100'C 
Emitter cut~off current 


Ven =~ 6 OV, 1,70 


Vip =~ 5. 0V, 1-9, 


a Oo 
Tamb =100C 
Large signal forward current 
transfer ratio 
I co 30mA, V CE 
I, =150mA, V 


=-1.0V 
cE ~1-0V 
Tay 7 300mA, Vo 776. ov 


Collector-emitter saturation 
voltage 


1,=150mA, I, =15mA 


Base-emitter voltage 
1,=150mA, Vop 7 l-0V 
Base current 


TI, =150mA, V 


E 0 


cB 
Noise figure 
1, =500HA, Vp. =-2.0V, 
f=1, 0ke/s, R, = 5002 


— Mullard 
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Min, 


BCY40 


=25°C unless otherwise stated) 


Typ. Max, 


- 100* nA 
1.0 - nA 
0.1 2.5 pA 
35 - 
= 120* 
23 - 
18 - 


- 9.0*mA 
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Min. Typ. Max. 


Top! 1,71. 0mA, Vopr 778: 0V, 

£=500ke/s -- 140 250 Q 
Ce 1,=0, Vop=7 6: 0V, 

£=500ke/s - 60 150 pF 
hee 1,=10mA, Vog =~ 8-0; 

f=1. 0ke/s 30 50 160 
fn IQ71.0mA, Vog 778 0V 0.85 2.5 - Mc/s 


*These are the characteristics which are recommended for acceptance testing 
purposes. 


kr = Z where I_, is in mA and T is in °K, 
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SILICON P-N-P 
JUNCTION TRANSISTOR 


SBE ee eg OO Pr eee ope eS 


BCY54 


ELECTRICAL CHARACTERISTICS (Tap 725 € unless otherwise stated) 


CBO 


EBO 


FE 


VCE (sat) 


BE 


NF 


tr 


MARCH 1965 


Collector cut-off current 


Vop=78- OV, I, = 


Vop=7: ov, 1,79, 


° 
=1 
T mb 00 C 
Emitter cut-off current 


Vip =~ 8-0V, 1,70 


Vip ~~ 8- OV, 1,79, 


rr) 
Tamb Saees 


Large signal forward current 
transfer ratio 
1,=30mA, Vor =-1,0V 


1,=150mA, Vag =~1.0V 


1,,,=300mA, V 


cM =-6.0V 


CE 


Collector-emitter saturation 
voltage 


1,=150mA, I, =l5mA 


Base-emitter voltage 


1,=150mA, Vv ~1,0V 


CE™ 


Base current 


1,7150mA, Vo_=0 


Noise figure 


f=1. 0ke/s, R, = 5008 


1g=1.0mA, Vo_=~6.0V 


Mullard 


Min. Typ. 


ot -0,44 


2.0 - 


Max. 

100* nA 
- nA 
2.5 uA 

100* nA 
- nA 
2.5 pA 

100 

70* 

-1.1 $V 

-1.9* V 
- Vv 

12 mA 

20 dB 
- Q 
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Min. Typ. Max. 


Ta I=. omA, Veg 778 0V, 
- £=500kc/s - 130 
Co 1,70, Vopi8-0V; 
£=500ke/s - 60 
bee I,=loma, Vop 778 0V, 
f=1. 0ke/s 20 50 
f 1 .=1.0mA, Vog 778: 0V 0.45 2. 


T Cc 


ey 250 Q 
150 pF 
120 

0 - Me/s 


*These are the characteristics which are recommended for acceptance testing 


purposes, 


1 25 


TThe value of a given here is oa *a = 25 \nere I, is in mA and T is in °K. 
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JUNCTION TRANSISTOR 
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ELECTRICAL CHARACTERISTICS (contd. } 


Min. Typ. Max. 
&, f. Transition frequency 
I, = 10mA, -Vog = 20V, f = 100MHz 250 450 - MHz 


To = 100uA, -V =20V,f=10.7MHz BCY7I1 15 30 - MHz 


CE 


N_ Noise figure 
I = 100uA, -V E* 5.0V, f=10Hz to 10kHz, 


Cc 

Ry =2-0k2 BCY70/72 - 2.0 6.0 dB 
ig BCY71 + 0.8 2.0 «B 
i 
‘ h-parameters BCY71 
. Io 1.0mA, -Vap = lV, f = 1. 0kHz, 
te h,, Input impedance 2.0 4.0 12 ka 
E, 
E h_, Voltage feedback ratio - 2.1 20 x07 
h fe Forward current transfer ratio 150 325 400 
; hg Output admittance 10 20 60 pmho 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 


SATURATED SWITCHING TIMES (BCY70, 72) 


-l_= - = =1, 
Cc 10mA, Tpon Thott 1.0mA 
Min. 

te Delay time ~ - 
t Rise time - 

Yr 

Turn-on time i 

on 

t. Storage time - 
t f Fall time - 
ty ff Turn -off time - 


Test circuit 


BCY70 
BCY71 
BCY72 


Typ. Max, 

23 35 . ns 

25 35 ns 

48 65 ns 
270 350 ns 

50 80 ns 
320 420 ns 


“V,20V CRO. 
1:0 ps 
300 
Switching waveforms 
20V 
input 
‘ 1 
| 
‘on ~ te oft a 
4 aa 
i 
SOtesas heey ee eee 90°%e 
{ : 1 
I i 1 
I 
Output i ' 
i eat 
10%o--~ +{- ape? Greece 10 %o 
aE atts 
cd! | t } 
sath hE alte 
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MAXIMUM TOTAL DISSIPATION PLOTTED AGAINST 


; AMBIENT TEMPERATURE 
Rent) Basi2 
(deg C/W) 
a \ [eal 
E 1000 : | 
3 d=1-0 Rthis) 
x= 
na 14 
a 05 
5 Hi " 
§ 100ltO™ +: - | H 
4 o Rth(to) = i 
gy fe) iH Ps Saas ies 
: inna oecttionl 
£ t tf att 
5 40 pep 10 107 10? 
ra _ t et = 
iz ia dzt-0 
& Reh(t)=(Rth(s)-Rth(to))4 + Rth (to) ne oe) Hi tH] 
a Rth(s)2 Steady state thermal resistance Sabiliaatl ui H 
= i i abilisation ti 
£ 10 Ritts ineresnt thermal resistance for d=O (24 minutes) ‘ime. 4 
= + Sort rt at ee 5 aaa —S — Aas! ey) 
16 10 10 10 10 10 10 


Pulse duration t (s) 
TRANSIENT THERMAL RESISTANCE FOR VARIOUS DUTY FACTORS 
PLOTTED AGAINST PULSE DURATION 
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TYPICAL WHITE NOISE CONTOURS 
This graph should be read in conjunction with the note on page 19 
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P-N-P SILICON PLANAR BCY70 
EPITAXIAL TRANSISTORS : BCY71 


BCY72 


Noise k J 5.0 60 7.0 809010 
factor V0 1.2 14 1.6 1.8 22 30 45 40 


Noise 
figure 0 1 2 3 4 5 6 7 8 9 10 dB 


At frequencies in the lower portion of the audio range, particularly when running under 
emitter current-source resistance conditions corresponding tothe centre and upper right : 
hand portion of the contour diagram (see page 16), flicker noise will add significantly to 
the white levels indicated. 


As: 


Nel+ internally generated white noise Pe internally generated flicker noise 


noise attributable to the source noise attributable to the source 


the complete noise factor (N) can be arrived at by adding the flicker excess noise factor 
(3rd term above) obtained from the flicker contours, to the white noise factor given via 
the conversion scale provided. 


EXAMPLE 
To obtain the typical noise figure at f = 200Hz with Rg = 10kQ and Ip = 200nA 


Figure Factor 
From the white noise figure contours 0. 9dB 
From the conversion scale 1,23 
From the flicker noise contours, the 
“excess noise factor x frequency" 
product +110: giving at 200Hz a flicker 
excess noise factor of: 0.55 
Therefore complete noise factor is 1, 78 
or in noise figure 2. 5dB 
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N-P-N SILICON PLANAR BCY87 
DUAL TRANSISTORS BCY88 


BCY89 


Matched dual n-p-n silicon planar transistors for use in differential amplifiers. 
The BC Y87 and 88 are intended for applications in the pre-stages of differential 
amplifiers, where low offset, drift and noise are of prime importance. 

The BCY89 is for second stages, long tail pairs and more general purposes. 
The devices are encapsulatedin TO-71 envelopes with all leads insulated from 
the case. 


QUICK REFERENCE DATA 
Ratings (each transistor) 


Pp Z fe) a . 
tot (T nb 25°C, complete device) max 


ef max. 


Characteristics (complete device) 


BCY87 BCY88 BCY89 


To/Te9 ratio, at equal Vor 0.9-1.11 0.8-1.25 0.67-1.5 


Fo. 'pe | max., atequalV,., 25 80 300 nA 


AV_max., T 


=-20 to +90°C 3.0 : 10 yV/degc 
AT 


amb 


Al _max., T | =-20 to +90°C . . 10 nA/degc 
Pry amb 
AT 
Uniess otherwise stated data is applicable to all types 
OUTLINE AND DIMENSIONS 
Conforming to J.E.D.E.C, TO-71 _ 


For details see page 2. 


Mullard - 


MARCH 1968 BCY87-Page 1 


OUTLINE AND DIMENSIONS 


Conforming to J.E.D.E.C, TO-71 


Connections 1. Emitter (1) 
2. Emitter (2) 
3. Collector (2) 


ts Atm ob Ow PK 


4, Base (2) 
5. Base (1) 
6. Collector 


All leads are insulated from the case. 


RATINGS (each transistor) 


Millimetres 
Min. Nom. 
12.7 - 

- 2.54 


(1) 


Limiting values of operation according to the absolute maximum system. 


Electrical 

v CBO max 45 

Vv CEO max 40 

Vip max 5.0 

I Cc max. P 30 

4 

Prot max. (complete device, Tomb 25 C) 150 
Temperature 

Tv max. 175 

stg 
q max. 175 
THERMAL CHARACTERISTIC 
1.0 


Ren (j-amb) 


Mullard 
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_N-P-N SILICON PLANAR BCY87 
DUAL TRANSISTORS | _ Bcyas 


ELECTRICAL CHARACTERISTICS of individual transistors = 


Tb 25°C unless otherwise stated 
Min. Max 
Ca | ee a 
Ven =20v, 1-0, Tymb7 20 C BCY87 - 5.0 nA 
BCY88 - 20 nA 
hop Static forward current . 
transfer ratio 
1,75. 0nA, Vop™ lov BCY87 80 - 
1, =50pnA, Vop™ lov BCY87,8,9 100 450 
1, =500uA, Vope 10V BCY88 120 600 
1,=10mA, Vor lov BCY89 100 600 
fh era frequency 
r= A, Voge lov 10 - MHz 
“1, =500pA, Voz LOV 50 - MHz 
Cc te epanians apaseora 
Ee ’ CB . 
f£=1.0MHz - 3.5 pF 
N Noise figure 
1, =50HA, V,,=5.0V, 
R, =10kgQ, 
Bandwidth = 10Hz to 15kHz BCY87 = 3.0 dB 
BCY88,9 os 4.0 dB 
1.0kHz spot noise figure, 
1, =50uA, Vor 5-OV, 
R, =opt., 
Bandwidth = 200Hz BCY87 ~ 4.0 dB 
BCY88,9 - 5.0 dB 
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ELECTRICAL CHARACTERISTICS of complete device 


The characteristics are valid under the following conditions : - 


= < = + = 
Voip Voope = 10V> Gey la) 10 to 100A 


Matching characteristics (see Fig.1) 


Min. Max 
I c / T ce Ratio of collector currents 
Vv =V. BCY87 0.9 1.i1 
Bit” eee BCY88 0.8 4.25 
BCY89 0.67 1.5 
|\"pir 17 Vapor | Difference between 
base-emitter voltages 
1.,=] BCY87? - 3.0 mV 
Chee BCY88 2 6.0 mV 
BCY89 - 10 mV 
| La “lhe | Difference between 
base currents 
Vv =V BCY87 - 25 nA 
B1E1 B2E2 BCY88 . 80 nA 
BCY89 - 300 nA 
Ilustration of matching characteristics 
vle lp 
yak Snes 


V; Vv, =V; 
BIE1= 
B2E2 Vp2e2 BiE1= "B2E2 


Vee 
—“Biet 
Fig.1 
L../Ip, =exP- g_ - AV 
ga E1 KT BE 


Where 
L, ftp 8 measured at AV en (1) 


AVog is measured at I, tp i 1 
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N-P-N SILICON PLANAR - BCY87 
DUAL TRANSISTORS BCY88 


BCY89 | 


ELECTRICAL CHARACTERISTICS of complete device (cont'd) 


Equivalent circuit for drift 


ov 
rig 
la Soren som 
Fig.2- Typ. Max. : 
AV Equivalent differential voltage 
AT change with temperature, 
Tomb 2? to +90°C BCY87 1.0 3.0 ywV/degc 
BCY88 2.0 6.0 wV/degC 
BCY89 4.0 10 pV/degC 
AI_ ~—_- Equivalent differential current 
AT change with temperature, ; 
Ts mb ~20 to +90°C BCY87 - 0.5 nA/degC : 
BCY88 - 2.0 nA/degC * 
; BCY89 - 10 nA/degC 
4 
Test circuit for AV Test circuit for AI_ ‘ 
(For details of test amplifise see page 7) Ar 
R2= 10h Mo : 


Rs 0D 1% 


test. 
omplifier 


Fig.3 
Av. _ Vr2-Vri. 21 Ar _Vre-Vri. Ri. 1 
AT T,-T, Rg AT T,-T, Rg 2R, 


Amplification factor determined by feedback circuit: R/ R,= 100 
Output voltage is plotted against time on a recorder. 
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ELECTRICAL CHARACTERISTICS of complete device (cont'd) 
Test procedure 


The temperature of the amplifier is set to T1 (between -20 and +90°C) and 
when it has stabilised, the output voltage is adjustedto zero ( Vr1 < 100mV)T. 
The amplifier temperature is then adjusted to Tg (between ~20 and +90°C) 
and when it has stabilised, the output voltage Vp2 can be read off. 


{For AV/AT: adjusted by Ry1, for AV/AT: first by Ry, with 81 and Sg 
closed, then by Ryg with the switches open. 
Note 
The AI/AT given is valid only when source resistances are almost equal. 
The AV/AT given is valid only when base-emitter voltages are almost 
equal. 
DIFFERENTIAL TEST AMPLIFIER 


The test amplifier (including feedback resistors, source - resistors and 
biasing resistors) should be mounted in a small box to ensure a uniform 
temperature throughout. 


Fig.5 


*Relative temperature coefficient < 10° °/degC 


D.U.T. = device under test 


The issue of the information contained in this publication does not imply 
any authority or licence for the utilisation of any patented feature. 
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N-P-N SILICON PLANAR BCY87 
DUAL TRANSISTORS BCY88 


Performance of test amplifier 


Open loop voltage gain (2, = 10k G, typ. 10° 
Frequency at which Gy= 1 f, typ. 10 MHz S 
Max. common mode input voltage range £10 Vv 

Max. output current £2.5 mA 

Max. output voltage £10 Vv 

Input resistance R, =100 ko 

Output resistance R, typ 20 kQ 

Common mode rejection ratio 10° 


Fig.6 
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N-P-N SILICON PLANAR BD131 
EPITAXIAL TRANSISTORS 2-BD131 


Silicon n-p-n planar epitaxial transistor for general purpose, medium pow er appli- 
cations. The BD131 may also be used with the BD132 to form a complementary pair 
for push-pull, audio output stages. (See page 4 and BD132 data sheet). 


QUICK REFERENCE DATA 


Varo max, di, <1.0mA) 


VcEO max. 


Icqy max. 
Prop max. (Ty <60°C) 
hpp min. My =0.5A, Vor =12V) 


fP min. a =0.25A, Vor = 5.0V, 


f = 35MHz, T_, = 25°C) 
am. 


b 


OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C. TO-126 


Collector connected to the metal part of the mounting surface. 


2.5400 1) 
[XS 


_llos 


All dimensions in mm 


06235 


1) Within this region the cross-section of the leads is uncontrolled. 


Care should be taken not to bend the leads nearer than 2. 5mm from the body. 
The leads above this point should be clamped during any lead bending operation. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vv CBO max. 70 Vv 
VocEO max. 45 Vv 
Viepo max. 6.0 Vv 
I, max. 3.0 - 
Tom max, 6.0 A 
. +l max, 0.5 A 
Prot Max. (Typ <60°C) 15 W 
Temperature 
ra) 
Tete range -55 to +150 Cc 
T max. +150 ie) 
THERMAL CHARACTERISTICS : 
Ruy; Thermal resistance junction 
th(j- 
(-mb) to mounting base 6.0 °c/w 
Run(mb-h) Contact thermal resistance 5 
without insulating material 1.0 C/W 
Rencmb-h) Contact thermal resistance 5 
with the mica washer 56301B 4.0 C/W 


The use of a heatsink compound is essential. When the mica washer is used, the 
compound must be applied to both sides of the washer. 


ELECTRICAL CHARACTERISTICS (T j = 25°C unless otherwise stated) 


Min. Max, 
laRo asaeaer cut 78 ee ; 56 " 
CB oo : M 
Vop = 50V, Ik =0, T; = 150°C - 500 pA 
lipo Pigeon aes : = a 
EB "Cc : 
hor . es ear transfer ratio a, ; 
Cc "N' "CE 
I, = 2.0A, Vor =1,0V 20 - 
Vv CE(sat) 120.34 rival voltage ; x 
L, =2.0A, L, = 200mA = 0.7 Vv 


Cc B 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


V gE (sat) 


Base-emitter saturation voltage 
Iq =0.5A, - = 50mA 


Io = 2.0A, I, = 200mA 


Collector capacitance 
Vap =5.0V, I =I =0, f = 1.0MHz 
CB E ‘e 


Transition frequency 


ly = 0.25A, Vor =5.0V 


f=35MHz, T . =25°C 
amb 


MECHANICAL DATA 


Maximum torque on nut 


Minimum torque on nut for good theymal contact 


ACCESSORIES 


Accessory 


1 Mica washer 
1 Plain washer 


When mounted on a heatsink it is essential that the plain washer be used to prevent 


Code No. 


56301B 
56326 


3.0 
0. 3 


Note 


Supplied 
on request 


damage to the device while tightening the mounting screw. 
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2-BD131 


Max. 

1.2 

1.5 v 
60 pF 


< MHz 
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ELECTRICAL CHARACTERISTICS OF COMPLEMENTARY PAIRS (BD131/BD132) 


Min, Max. 
BD131 bog i =0.5A, Vor =12V 78 250 
1, =2.04, Vag = 1-0 40 - 
BD132 ber ae =0.5A, Vor = 12V 78 250 
In =2.0A, Vor =1,0V 40 - 
(See also page 10) 
Al, Difference in base currents Uy - Tyo) 
at Iq =0.5A, Vor =12V (BD131) and 
ate =0.5A4, Vor = 12V (BD132) - 1.0 mA 


(See General Operating Note) 


ELECTRICAL CHARACTERISTICS OF MATCHED PAIRS (2 -BD131) 


Min. Max. 
hor Iu =0.5A, Vor 7 12V 40 280 
Al, Difference in Haee currents (py is Th) 
at 1, = 0.5A, Vop = 2V - 2.0 mA 
(See General Operating Note) 
GENERAL OPERATING NOTE 
Min. Max. 
hor 2 Ratio of static forward current transfer 
=< ratio for transistors with typical gain at: 
FE1 
L, =9.5A, V, = 12V - 1.2 


For matched pairs with low gain, the resultant negative feedback is reduced and a 
lower hyp ratio is required to maintain the necessary protection against distortion. 
Conversely, for matched pairs with a higher gain, the resultant negative feedback 
is increased and a higher hog ratio will maintain the necessary protection against 
distortion. 


A general relationship for the approximate second harmonic distortion, dy, genera - 
ted by current gain mismatch, is given by the expression: 


where Alp is the difference in base currents, and # the typical feedback ratio for 
that stage, assuming 4, << Tho 
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N-P-N SILICON PLANAR BD131 
EPITAXIAL TRANSISTORS 2-BD131 


OPERATING NOTES 


The rating graphs given in this data show the maximum permissible current and voltage 
for combinations of duty cycle and pulse width with a mounting-base temperature up to 
Tm p260°C. In order to verify that the conditions of operation are within the ratings, 
Note the voltage, current, pulse width and duty cycle applied to the transistor. Compare 
the application Vcop and I, plot against the Vcg v Ic curve with the appropriate pulse 
width and duty cycle. (e.g. Actual pulse widths of 1.7ms will use the 2.0ms curve, and 
an actual duty cycle of 0.37 will use the d = 0.5 family of curves). If. the application con- 
dition is always within the selected SOAR curve it is acceptable. 


If the application condition just exceeds the selected SOAR curve, then linear interpol - 
ation between the family of curves used and the next lower duty cycle curves .should : 
indicate if the application is acceptable. cs 


For applications using non-square-wave pulses, reference should be made to the General 
Explanatory Notes on SOAR where conversion to equivalent square-wave pulses is 
explained, 


Having approved the transistor application for both electrical and time conditions, the : 
maximum mounting-base temperature can be calculated using the thermal impedance : 


curves * and the following equation: - : 
° 
Tmpb max = Ty; max ~ Cox x Z nty Cc 
where Px = Vorm x lom (For square-waves) 
For non-square-waves use equivalent ; 
peak power figures. : fi 
and Zz th(t) = Transient thermal impedance for application 


pulse width and duty cycle or equivalent 4 


pulse width for non-square-waves. 


*See page 6 
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Zant =(RenisrZenttoy) 4 + Zenitoy 


Rents) = Steady state thermal resistance, d=! 
Zenttoy = Transient thermal impedance , d=0 


a Mi a 
sor CCEA PUM TOTO 
10° 107% 10° 1072 - 107 1 10 


Pulse duration ({s) 


Ic <10ma || 
Rpst0ka [I 
H TTT 


When the emitter is common, a value 
hould be used in catculation of Rg 


50 
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BD131 
2-BD131 


N-P-N SILICON PLANAR. 
EPITAXIAL TRANSISTORS 
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N-P-N SILICON PLANAR BD131 
EPITAXIAL TRANSISTORS 2-BD134 


TcBo 
7 


05113 
SE Vcop=50V 
st 
i Lf 
mA [ 1.0 
A}1000 
HATO 7 
5 : 
3 “+ 
1 
100 
7 4 
s oe 
aH 
10 
7 
8 
3 
‘ 
= 
pal io 4 
nA {1006 4 
7] c 
s| 
Hf ) 
H ! ; 
ak : 
100 
? 4 
5 
3 
| 
10 
0 50 100 150 200 Tj (°C) 
4 
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for BD131 +1c(A), for BDI32 -IcfA) 
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BD131 
2-BD131 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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P-N-P SILICON PLANAR BD132 


EPITAXIAL TRANSISTOR 


Silicon p-n-p planar epitaxial transistor for genera] purpose, medium power appli- 
cations. The BD132 may also be used with the BD131 to form a complementary pair 
for push-pull, audio output stages. (See page 4 and BD131 data sheet). 


QUICK REFERENCE DATA 
max. (-I, =1.0mA) 


max. 
Max. 


max. (Ty =60°C) 


OUTLINE AND DIMENSIONS 
Conforms to J.E,D.E.C, TO-126 


Collector comnected to the metal part of the mounting surface, 


2.54mex 0 


All dimensions in mm 


1) Within this region the cross-section of the leads is uncontrolled. 


Care should be taken not to bend the leads nearer than 2.5mm from the body. 
The leads above this point should be clamped during any lead bending operation. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


-V max. (I, =1.0mA) 


P max.(T 4, =60°C) 


tot 
Temperature 
os Ig range 
stg s 


T, max. 
J 


THERMAL CHARACTERISTICS 


Rencj-mb) 
Ren(mb-h) 


Rnqmb-h) 


Thermal resistance junction 
to mounting -base 


Contact thermal resistance 
without insulating material 


Contact thermal resistance 
with the mica washer (56301B) 


45 

45 
4.0 
3.0 
6.0 
0.5 

15 


-55 to +150 
+150 


6.0 


1.0 


4.0 


Sopp <a << 


The use of a heatsink compound is essential. When the mica washer is used, the 
compound must be applied to both sidés of the washer. 


ELECTRICAL CHARACTERISTICS T; = 25°C unless otherwise stated) 


oR (sat) 


Collector cut-off current 
-V_, = 40V, I, =0 
Vag = 40V, 1, = 9 T,= 150°C 


Emitter cut-off current 
-V_. =3.0V, Io =0 


EB 
Satic forward current transfer ratio 
ave =0.5A, Vor = 12V 
To =2.0A, Vor = 1.0V 


Collector -emitter saturation,voltage 
ate =0.5A, 1, = 50mA 


ate = 2.0A, I, = 200mA 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR . BD132 


\ 


ELECTRICAL CHARACTERISTICS (contd. ) 


Min, Max. 
-V Base-emitter saturation voltage 
Pee “Ig = 0.5A, -I, = 50mA = By: Vv 
at = 2.0A, th = 200mA = 1.5 v 
fr Transition frequency 
I, =0.25A, Vor =5.0V 
f = 35MHz, T = 25°C 60 - MHz 
amb 
MECHANICAL DATA 
Maximum torque on nut 4.0 kg cm 
0.4 Nm : 
Minimum torque on nut for good thermal contact 3.0 kg cm : 
0.3 Nm 
ACCESSORIES 
Accessory : Code No. Note 
1 Mica washer 56301B Supplied 
1 Plain washer 56326 on request 


When mounted on a heatsink it is essential that the plain washer be used to prevent 
damage to the device while tightening the mounting screw. 
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ELECTRICAL CHARACTERISTICS OF COMPLEMENTARY PAIRS (BD131/BD132) 
Min. Max. 

BD131 oh 1, = 0.5A, V, = 12V 78 250 

1 =2.0A, V,. = 1.0V 40 z 

pD132 oh I, =0.5A, Vop = 12V 78 250 


FE CE 
I =2. e =1, 40 - 
Io 0A, Vor 1,0V 
(see also page 10) 


Al, Difference in base currents a, nes Ta.) 


at I, =0.5A, Vor = 12V (BD131) and 
I =0.5A, Vor = 12V (BD132) = 1.0 mA 


(see General Operating Note) 


GENERAL OPERATING NOTE 


h. Ratio of static forward current 
transfer ratio for transistors with 
FEL typical gain at: 


In =0,5A, Vor = 12V (BD131) and 


To =0.5A, Vor = 12V (BD132) = 1.2 


For complementary pairs with low gain, the resultant negative feedback is reduced 
and a lower h ratio is required to maintain the necessary protection against 
distortion. Conversely, for complementary pairs with a higher gain, the resultant 
negative feedback is increased and @ higher hyp ratio will maintain the necessary 
protection against distortion. 


A general relationship for the approximate second harmonic distortion, dz, gen- 
erated by current gain mismatch, is given by the expression: 


B 1 


d, =z 
2°% 
io 8 


: where Alp is the difference in base currents, and f the typical feedback ratio for 
: that stage, assuming Alp << Ty2" 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR BD132 


OPERATING NOTES 


The rating graphs given in this data show the maximum permissible current and 
voltage for combinations of duty cycle and pulse width with a mountingbase tem - 
erature up to Tmp = 60°C. in order to verify that the conditions of operation are 
within the ratings, note the voltage, current, pulse width and duty cycle applied to 
the transistor. Compare the application VcEg and Ic plot against the Vcr v. Ic 
curve with the appropriate pulse width and duty cycle. (e. g. Actual pulse widths of 
1.7ms will use the 2.0ms curve, and an actual duty cycle of 0. 37 will use the d = 
0.5 family of curves). If the application condition is always within the selected 
SOAR curve it is acceptable. 


If the application condition just exceeds the selected SOAR curve, then linear inter- 
polation between the family of curves used and the next lower duty cycle curves 
should indicate if the application is acceptable. 


For applications using non-square-wave pulses, reference should be made to the 
General Explanatory Notes on SOAR where conversion to equivalent square-wave 
pulses is explained. 


Having approved the transistor application for both electrical and time conditions, 
the maximum mounting-base temperature can be calculated using the thermal im- 
pedance curves * and the following equation: - 


S as 0, 
Tinb max, = ar max. ok x Zencty) Cc 
where Pak = Vorm x Tow (For square waves) 


For non-square-waves use quivalent 
peak power figures. 
and Z Transient thermal impedance for 
application pulse width and duty 
cycle or equivalent pulse width 
for non-square-waves, 


th(t) 


* See Page 6 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTOR 


BD132 
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N-P-N SILICON PLANAR _ 
EPITAXIAL TRANSISTOR BD133 


Silicon n-p-n planar epitaxial transistor for general purpose, medium power appli- 
cations. 


QUICK REFERENCE DATA 
Vv max, C, = 1.01nA) 
Vo max. 
I 


CM max. 


P. 
h 


tot aX (T ab = 60°C) 

FE min, Ca =O.5A, Vor = 12V) 

fr min. , =0.25A, Vor =5.0V 

f = 35MHz, T = 25°C) 
amb 


OUTLINE AND DIMENSIONS 
Conforms to J.E,D.E.C. TO-126 


Collector connected to the metal part of the mounting surface. 


All dimensions in mm 


1) Within this region the cross-seetion of the leads is uncontrolled. 


Care should be taken not to bend the leads nearer than 2. 5mm from the body. 
The leads above this point should be clamped during any lead bending operation. 
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RATINGS 


Limiting values of o 


Electrical 
Vv max, (a = 1.0mA) 


CBO 
Voro 
Vino 


P 
tot 


max. 


max. 


max. 


max. 


max. 


Temperature 


Tog 


range 


TT. max. 
J 


te) 
(Ty, =60°C) 


THERMAL, CHARACTERISTICS 


Rincj-mb) 


Ren(mb-h 


Ren(mb -h 


) 


) 


Thermal resistance junction 
to mounting base 


Contact thermal resistance 
without insulating material 


Contact thermal resistance 
with the mica washer (56301B) 


90 

60 
6.0 
3.0 
6.0 
0.5 

15 


-55 to +150 
+150 


6.0 


1.0 


4.0 


peration according to the absolute maximum system. 


>>> << < 


The use of a heatsink compound is essential. When the mica washer is used, the 
compound must be applied to both sides of the washer. 


ELECTRICAL CHARACTERISTICS v, = 25°C unless otherwise stated) 


Collector cut-off current 
Vv CB™ 60V, ih =0 

= ‘ = () 
Von = 60V, I 0, T 150°C 
Emitter cut-off current 
V_, =5.0V,1,=0 


EB Cc 
Static forward current transfer ratio 
In =0.5A, Vor = 12V 
Ta =2.0A, Vor = 1,0V 


Collector -emitter saturation voltage 
I, =0.5A, I, = 50mA 


Ia =2.0A, I, = 200mA 


Mullard 


Min. 


Max. 
5.0 uA 
500 
5.0 
0.3 Vv 
0.7 Vv 
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N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


ELECTRICAL CHARACTERISTICS (contd. ) 


Vpn (sat) cs ner Ty Seana voltage 
Io = 2.0A, I, = 200mA 
Cre ieee! Reuieloe ae Beda 
CB CUBS te ane are 
fr Transition frequency 


I, =0.25A, Vor =5.0V, 


oS = 950 
f = 35MHz, 2 25°C 


MECHANICAL DATA 


Maximum torque on nut 


Minimum torque on nut for good thermal contact 


ACCESSORIES 
Accessory Code No. 
1 Mica washer 56301B 
1 Plain washer 56326 


When mounted on a heatsink it is essential that the plain washer be used to prevent 
damage to the device while tightening the mounting screw. 


Mullard 


Min. Max. 
- 1.2 Vv 
- 1.5 Vv 
- 60 pF 
60 - MHz 
4.0 kg cm 
0.4 Nm 
3.0 kg cm 
0.3 Nm 

Note 
Suppied 
on request 
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OPERATING NOTES oy 


The rating graphs given in this data show the maximum permissible current and 
voltage for combinations of duty cycle and pulse width with a mountingbase tem - 
perature up to Tmp = 90°C. In order to verify that the conditions of operation are 
within the ratings, note the voltage, current, pulse width and duty cycle applied to 
the transistor. Compare the application VCE andic plot against the VCE v Ic¢ curve 
with the appropriate pulse width and duty cycle. (e.g. Actual pulse widths of 1. 7ms 
will use the 2.0ms curve, and an actual duty cycle of 0.37 will use the d=0.5 
family of curves). If the application condition is always within the selected SOAR 
curve it is acceptable. 


If the application condition just exceeds the selectedSOAR curve, then linear inter- 
polation between the family of curves used and the next lower duty cycle curves 
should indicate if the application is acceptable. 


' For applications using non-square-wave pulses, reference should be made to the 


General Explanatory Notes on SOAR where conversion to equivalent square-wave 
pulses is explained. 


Having approved the transistor application for both electrical and time conditions, 
the maximum mountingbase temperature can be calculated using the thermal im- 
pedance curves * and the following equation: - 


0 
T_, max. “ey max. Pox x Zncty Cc 


mb 


where : Pak = Vorm™ Tom (For square waves) 


For non-square-waves use equivalent 
peak power figures. 


and Z th(t) = Transient thermal impedance for 
application pulse width and duty 
cycle or equivalent pulse width for 
non -square-waves. 


* See Page 5 
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BD133 


N-P-N SILICON PLANAR 
EPITAXIAL TRANSISTOR 


(Renis-Ztnitoy) d + Zen ito 


Zenit 


Rens) = Steady state thermal resistance 


d 


, 


Pulse duration (s) 


Vcer[(__.._] 


(V} 
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N-P-N SILICON PLANAR . 
EPITAXIAL TRANSISTOR _ -BD133 
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EPITAXIAL TRANSISTOR 
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| N-P-N SILICON PLANAR BD133 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


. (-1,,=30mA) 


-V max. (Ry, = 1k2) 


I, max. 


-I cM max. 


P, . max. (Tb 


tot 
Temperature 
Ts tg range 
ar max. 


<60°C, see also graph below) 


THERMAL CHARACTERISTICS 


Rn(j-amb) 
Ring -mb) 
Ren mb-h) 


Ren(mb-h) 


Thermal resistance junction 
to ambient 


Thermal resistance junction 
to mounting base 


Contact thermal resistance 
without insulating material 


Contact thermal resistance 
with the mica washer in 
accessory 56301 


BD136 BD138 BD140 
45 60 - Vv 
45 60 80° Vv 
5 “ 100 Vv 
5.0 5.0 5.0 v 
0.5 0.5 0.5 A 
1.5 1.5 1.5 A 
6.5 6.5 6.5 W 
-55 to +125 °c 

+125 o 

100 degC/W 
10 degC/W 
1.0  degC/W 


4.0 degC/W 


The use of a heatsink compound is essential. When the mica washer is used, the 
compound must be applied to both sides of the washer. 


02036 


108 
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P-N-P SILICON PLANAR . BDI36 
EPITAXIAL TRANSISTORS BDI38 


ELECTRICAL CHARACTERISTICS (T;= 25°C unless otherwise stated) 


Min. Max. 
lapo Eggi Bis current - ai ‘ : 
CB aa i o4 
2 = = = 9, 2 ; 
Vor 30V, lh 0, ‘ 125°C 10 pA 
-I Emitter cut-off current 
EBO 
= =5.0V, = a 1 
Ving 2:0V, 1,70 0 pA 
hog Static forward current transfer ratio 
“1,=5.0mA, Vag 2-0V 25 = 
-1,=150mA, “Vop@2-0V BD136 40 250 
BD138 40 160 
BD140 40 160 é 
-I,= 500mA, Vop2-0V 25 = 
Vor Base-emitter voltage 
-1,=500mA, Vop72-0V = 1.0 Vv | 
-V., Collector-emitter saturation voltage ; 
cee -1,=500mA, -I,=50mA 0.5 Vv 
Cc B 
fp Transition frequency 
-1,=50mA, “Vp 5 0V : 
f=35MHz typical 75 MHz 
Current gain ratio for 
FEL f 
h complementary pairs 
-1_=150 = =2. - 1.6 
FE2 I, 150mA, Vor 2.0V . 
MECHANICAL DATA 
Maximum torque on nut 4 kgcem 
0.4 Nm 
Minimum torque for good thermal contact ; 3 kgecm 
0.3 Nm 
ACCESSORIES 
Accessory Code No. Note 
1 Mica washer 56301B { Supplied 
1 Plain washer 56326 on request 


When mounted on a heatsink it is essential that a plain washer be used to prevent 
damage to the device while tightening the mounting screw. 
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DERATING AGAINST MOUNTING- BASE TEMPERATURE 


The maximum permissible power for selected pulse widths and/or mounting-base 
temperature canbe obtained fromthe graphs on pages 5, 6, 7 and 8, where the Pmax 
value for Tb <60°C is calculated from the line of constant power (i.e. that part 
of the curve which has a slope of -1), on the relevant -1 Cc versus Yor curve. 


For mounting-base temperatures in excess of 60°C, the constant power line BC in 
figures 2A and 2B is reduced to the % of Pyyax as read from the % Pax versus 
Tmb graph on page 2. The safe operating area for the higher temperature is defined 
either by the points A B' D' D E in figure 2A, or by the points AB'D’'E in figure 
2B. The second-breakdown power line is only modified by the intersection point D' 
and is not adjusted against temperature in any other way. 


Pmax 


(*%o) 


figure 1 


“-I1¢ 4A 


log 
scale 


figure 2A 


log scale -VcE 


log scale 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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BD1I36 
BD138 
BD1I40 


P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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BD136 
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P-N-P SILICON PLANAR 
EPITAXIAL TRANSISTORS 
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N-P-N SILICON DIFFUSED | BDI8I 
POWER TRANSISTORS BDI82 
BDI83 
BD184 


N-P-N silicon diffused power transistors primarily intended for use in domestic 
hi-fi and general high quality audio amplifiers. 


QUICK REFERENCE DATA 
BD181 BD182 


BD183 
85 


BD184 
95 


P max. T. , <25°C - 117 117 117 
O' mb- ; 
T ,<80°C 78. = = = 
mb- 
T, max. 200 - 200 200 200 Cc 


hog range,I,= 3A, VoE =4V 


Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-5A/SB2-2 
J.E.D,E.C, TO-3 


2667°* 


All dimensions in mm 
Collector connected to envelope 
Accessories available: 56201B (mica washer), 56214 (lead washer), 
56239A (insulating bush) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BD181 BD182 BD183 BD184 
Vv CBO max. 55 70 85 95 Vv 
Vv CEO max. , 45 60 80 90 Vv 
Vor Max: (Rpg = 1009) 55 70 85 95 Vv 
Vez oO max. 7 7 7 7 Vv 
I Cc max 10 15 15 15 A 
Iom max. 15 15 15 15 A 
-lim max 15 15 15 15 A 
Tam max 7 7 7 7 A 
P, max. T ,<25°C - 117 117 117 Ww 
tot b 
T .<80°C 78 - - - WwW 
mb- 
Temperature 
Tog Tne -65 to +200 °o 
T, max, 200 % 
THERMAL CHARACTERISTICS 
Ren (j-mb) 1.5 degC/W 
Ra (j-amb) in free air 45 deg C/W 
contact thermal resistance with 
Ren(mb-h) 
lead and mica washers (No. 56201) 0.75 degC/W 
ELECTRICAL CHARACTERISTICS (T,= 25°C unless otherwise stated) 
Min. Typ. Max. 
I CBO wcis cut~off current 
=45V, 1,=0, T,=200°C BD181 = - 0.5 2.0 mA 
Vos E j 
Vos =60V, 1,70 a 200° C BpD182 - 1.0 5.0 mA 
Vos =80V, 1,790, > 200° Cc BD183 - 1.0 5.0 mA 
Vop™90V: 1,70 oe 200° Cc BD184 - 1.0 5.0 mA 
Bo ee - pee 2 oe 
EB -"Cc ‘ : 
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N-P-N SILICON DIFFUSED BDI8I 
POWER TRANSISTORS BDI82 


ELECTRICAL CHARACTERISTICS (cont'd) 


Vv Collector-emitter breakdown voltage 
(BR}CEO I Cc =0.2A, i =0 BD181 45 - - Vv 
BD182 60 ~ - Vv 
BD183 80 - - Vv 
BD184 90 - - Vv ‘ 
Vv Collector-emitter sustaining voltage 
BR)CER 702A, Ry = 1009 BDI8l 55 2 é Vv 
BD182 70 - - Vv 
BD183 85 - - Vv 
BD184 95 - - Vv 
Vv CEK Collector-emitter knee voltage 
1,734, Tok (see note 1) BD181,3 - 0.5 1.0 Vv 
1,744, Bu (see note 1) BD182,4 - 0.55 1.0 Vv 
hy E Static forward current transfer ratio 
T= 34, Vor74V BD181,3 20 40 70 
T= 4A, Vor =4V BD182,4 20 40 70 


bre at 0.38A Static forward current transfer 
ratio linearity 


c = = “4 
iy 3A, Vor 4V . BD181,3 2.5 3.5 : 
T,n4a, Von 4V BD182,4 - 2.5 4.0 
foe Common emitter cut-off frequency ; ‘ 
. 1,=0.8A, Vo ,=4V BD181,2,3  - 20 - kHz 4 
BD184 - 15 - kHz , 
h Ratio of static current gains ' 
brri of matched pairs | 
1,734, Vopt4V 2xBD181,3 - - 1.3 
1,=4A, Von =4V 2xBD182,4 - - 1.3 
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NOTES 


=ilxI,atv =1.5V 


1. ta = the value for which I CE 


cl 


Vv 1.5V Vg 


2. Veg decreases by approximately 2.0mV/degC with increasing temperature. 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTORS 
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N-P-N SILICON DIFFUSED BDI8I 


? 
POWER TRANSISTORS BDI82 
BDI83 
BDI84 
Io BD181 D1732 
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N-P-N SILICON DIFFUSED BDI8I 
POWER TRANSISTORS BDI82 
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N-P-N SILICON DIFFUSED BDI8I 
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N-P-N SILICON DIFFUSED BDI8I 


POWER TRANSISTORS BDI82 
BDI83 
BD184 
hee | t DI744 
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| N-P-N SILICON EPITAXIAL-BASE BD201 
‘ A.F, POWER TRANSISTORS BD203 


N-P-N silicon epitaxial-base power transistors in a plastic envelope. With their 
P-n-p complements BD202 and BD204 they are primarily intended for use in hi-fi 
equipment delivering an output of 15 to 25W into 4 or 89 load. 


QUICK REFERENCE DATA 


BD201 BD203 


VaR max, 60 60 Vv 

VoRo max, 45 60 Vv 

Io max. 8.0 8.0 A 
<250, 

\ Pot max, (Tab 25°C) 60 60 W 
T, max. 150 iso % 
hog min. a, = 3A, Vor = 2V) 30 - 

(I, = 2A, Vor = 2¥) - 30 


fife min, ay =0.3A, Vor = 3V) 


Unless otherwise stated data are applicable to both types 


OUTLINE AND DIMENSIONS Similar to J,E,D,E,C, TO-220 


Collector connected to the metal part of the mounting surface. 


10.3 max 
md 3.6 it 1.3 
28 
t 
| 
| 
| 
5.1 
max 
4d 127 


2.4 05356 


All dimensions in mm 
Accessories available: 56338(insulating bush), 56325(mica washer) 
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N-P-N HIGH VOLTAGE 
SILICON TRANSISTOR BD232 


Triple diffused n-p-n silicon transistor in a plastic envelope, primarily intended 
for use as line driver in television receivers ; 


QUICK REFERENCE DATA 


VoERM max. (Ror* 1kQ, oe 10ms) 500 Vv 
Vero max, 300 Vv 
Ia max. ' 0. 25 A 
lom max. te peat 1.0 A 
Fee max, (T abe 62°C) 7.0 a 
yy max. 125 Cc 
bop min, tre =150mA, Vor =5V) 20 


fp typ. (1, =50mA, Vag =10V, f=SMHz) 


OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C. TO-126 
Collector connected to the metal part of the mounting surface 


254™max 1) 


All dimensions in mm 


1) Within this region the cross-section of the leads is uncontrolled 
Accessories available: 56301 (mica washer and torque washer) 


' Torque on nut: min. 3kg cm (0.3 Nm), max. 4kg cm (0.4 Nm) 
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Be cat ta EL wee at 


‘RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
< < 
VoERM max. (pp* 1kQ, Ls 10ms) 


Varo max, 


Vino max. 


I c max. 


Iom max. es = Ilms) 


I, max. 


= 49° 
Rive max. abs 62°C) 


Temperature 


T 
stg 
a max. 


THERMAL CHARACTERISTICS 


Ren(j-mb) 
Ren(j-amb) : 
Rin (mb-h) with mica washer and heat conducting compound 


th(mb-h) 


Fe] 


for non -insulated mounting 


ELECTRICAL CHARACTERISTICS or = 25°C unless otherwise stated) 


Min. Typ. 
I *Collector cut-off current 
CES 7 _ . 3 
Vor =0, Vor = 500V : ; 
Ven @ or Veg SOON s FS i2s.G - = 


*Measured with a half sine wave voltage (curve tracer) 
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500 


Vv 
300 Vv 
5.0 Vv 
0.25 A 
1.0 A 
0.25 A 
7.0 Ww 
-55to+125 °C 
125 °C 
9.0 °C/W 
100 °osw 
3.0 c/w 
1.0 °c/w 
Max. 
0.1 mA 
1.0 mA 
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N-P-N HIGH VOLTAGE _ : 
SILICON TRANSISTOR BD232 


ELECTRICAL CHARACTERISTICS (contd) 


RoR Be a ae ae ratio r ; ae 
(es * "CE 
I, = 150mA, V, = SV 20 - - 
“BE ecigaG = 8V Z ; ia © 
Cc ’ "CE . 
Collector -emitter saturation voltage 


Ia = 150mA, I, = 15mA 7 2 1.0 v 


Von(sat) 


v Collector -emitter sustaining voltage 7 
REO (eNat) I, =0, 1, = 100mA, L = 25mH 300 : - Vv 


+50V 
100-2002 


oscilloscope 


vert. 


30-60Hz ®V 
04460 pecet Veeo {V) 300V 
reieeni , ‘ 
Test circuit for Voro(sust) Oscilloscope display for Vero (sust) 
fp Transition frequency 
1, = 50mA, Vop = 10V, f = SMHz > 20 : MHz 
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H 

4 
oie i 
fear CT 


lil 
L LTA | TTT 


Safe Operating Areas (Regions I, II and III forward biased) 
I Region of permissible d.c. operation 
Tl Permissible extension for repetitive pulse operation 


Ill Area of permissible operation during turn-on, provided 
tp= 0. 3us and Rpr = 1k 


IV Repetitive pulse operation in this region is allowable. 


provided Ror = 1kQ. 
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N-P-N HIGH VOLTAGE 
SILICON TRANSISTOR BD232 


$.B. TT multiplying factor at the I¢ max ean 


Y) 
HAC 
VMitith of TTT 


SS ss 


Ss 
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BD232 


N-P-N HIGH VOLTAGE 
SILICON TRANSISTOR 


AN 
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N-P-N: SILICON ; -BD233 
EPITAXIAL-BASE TRANSISTORS BD235 


BD237 


N-P-N silicon epitaxial -base transistors in a TO-126 plastic envelope, intended for 
use in television and audio amplifier circuits where high peak powers can occur. 


QUICK REFERENCE DATA 
BD233 BD235 BD237 


CBO max. 


v 
Vv max. 
v 
I 


CEO 


CER 
mM max. 


max. (R.,, = IkQ) 


BE 
Cc 


Pot max, (Th 


+ max. 
hoe min. a, =1A, Vor =2V) 
f_, min, (I, = 250mA, V = 10V, 


T CE 
f = IMHz) 


re) 
5280) 


Unless otherwise stated data is applicable to all types. 
OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C. TO-126 
Collector connected to the metal part of the mounting surface 


2g 797°: 


Torque on nut: 
min. 3kg cm 
(0. 3Nm) 


Max. 4kg cm 
(0. 4Nm) 


04235 


All dimensions in mm 4 
1) Within this region the cross-section of the leads is uncontrolled. 


Accessories available: 56301B (mica washer) 
56326 (plain washer) 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BD233 BD235 BD237 
Vv cpo ™3* 45 60 100 Vv 
Vv CEo ™2* 45 60 80 Vv 
VorR max. Ron = 1kQ) 45 60 100 Vv 
VeRo max, , 5.0 5.0 5.0, V 
Io max. 2.0 A 
Tom max. ‘ 6.0 A 
P ot max, (Tb <25 °C) 25 WwW 
Temperature 
Ths: -55 to +150 "c 
oc 150 Cc 
THERMAL CHARACTERISTICS 
Rin(j-amb) (in free air) 100 “cr 
Rin(j =rtib) 5.0 ee 
eg Ren(mb-h) using mica washer and compound 3.0 Sil 
Run (mb-h) non-insulated mounting 1.0 C/W 
ELECTRICAL CHARACTERISTICS (T 1 =28°C unless otherwise stated) 
Min. Max, 
lopo eG eee pga ; ‘nn ie 
E * "CB CBO ‘ é 
PO: Veg Vas max. , T, = 150°C - 3.0 mA 
TeRO Roo: v.. Bot aa : 6 a 
‘see - oy 
Cc * "CE . 
Vv CE(sat) Collector-emitter saturation 
voltage 
Inala, Tp = 0.14 7 0. 6 Vv 
bor Static forward current transfer 
ratio 
la = 150mA, Vor =2V BD233,BD235 40 250 
BD237 40 160 
Io =l1A, Vor 2V 25 - 
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N-P-N SILICON BD233 
EPITAXIAL-BASE TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd) 


Min. Max. 

fp Transition frequency 

1, =2 : = ‘ 

c sOmA, V CE 10V 

f = IMHz 3.0 - MHz 
Switching characteristics 
TL, =1A, 1 = -I =0.1A 
Cc Bon) B(off) Typ. 
t Turn-~on time : 0.3 ys 
on 
tore Turn -off time wihed pS 


Test circuit 


Osees 


Tp (on) 
Input pulse: 
Ig 
t= te = J5ns 
t= 10ps 
p i. 
T= 5002s = Ia jors) 


Ie 


BD233-Page 3 


ps9es 
Eee SES SS Ol a SBE Pulse operation d= 0.01-t11 
n= ee 


breakdown (d.c.) 
(independent 
of temperature) 


SAFE OPERATING AREAS WITH THE TRANSISTOR FORWARD BIASED 
I Region of permissible d.c. operation 


II Permissible extension for repetitive pulsed operation 
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N-P-N SILICON BD233 
EPITAXIAL-BASE TRANSISTORS  BD235 


A = ' HY HH 
GT HE TPA 
UAT LH 


Hl 
na ian an : 
HUT EAA a | : 
HE : 
5 7 2 5 aa 
1 10 10? 10? tp{ms) 104 4 
E 
a 
04987 : 


EES es 


io) 1 ’ 10 > tplms)*® 7 102 
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N-P-N SILICON . BD233 
EPITAXIAL-BASE TRANSISTORS BD235 


$.B current muttiplying factor at the Voeqgmax level 


PEE en 
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P-N-P SILICON . BD234 
EPITAXIAL-BASE TRANSISTORS BD236 


BD238 


P-N-P silicon epitaxial-base transistors in a TO-126 plastic envelope, intended for 
use in television and audio amplifier circuits where high peak powers can occur. 


QUICK REFERENCE DATA 


BD234 BD236 BD238 


Oo 
Pog max: (T, <25°C) 


ty max. 

hog min. (-I, = 1A, Vag =2V) 

ft min, (1, =250mA, Vor =10V, 
f = IMHz) 


Unless otherwise stated data is applicable to all types. 
OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C. TO-126 
Collector connected to the metal part of the mounting surface 


2g 7g 70* 


Torque on nut: 

min. 3kg cm 
(0. 3Nm) 

Max. 4kg cm 
(0. 4Nm) 


254m 1) 


04235 


All dimensions in mm 


J) Within this region the cross-section of the leads is uncontrolled. 


Accessories available: 56301B (mica washer) 
: 56326 (plain washer) 
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per eeres 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BD234 BD236 
Vopo max, 45 60 
‘vy, CEO ™ 45 60 
Vopr max (Ryp =1ko) 45 60 
VER max, 5.0 5.0 
-I i, max. 2.0 
low max, 6.0 
Pot max Tap <25°C) 25 
Temperature 
Teg ~55 to +150 
T; max. 150 
THERMAL CHARACTERISTICS 
Ra (j-amb) (in free air) 100 
Rin(j-mb) cae 
Ru (mb-h) using mica washer and compound 3.0 
R th(mb-h) non -insulated mounting 1.0 


ELECTRICAL CHARACTERISTICS (T, = 25°C unless otherwise stated) 


Min. 


-I Collector cut-off current 
tp =0, Vor = “Vopo max. - 


I, =0, -V.,=-V 


° 
E CB CRO max. , a =150C 7 


-I Emitter cut-off current 
Io =0, Vep =5V = 


-V Base -emitter voltage 
q, =1A, Vor =2V 7 

Collector -emitter saturation 

voltage, 

I =IA, 2 =Q.1A - 


h Static forward current transfer 


BD234, BD236 40 
BD238 40 


T,=1A,-V=2 | 25 


-L, = 150mA, Vo =2V 
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BD238 
100 Vv 
80 Vv 
100 Vv 
5.0 V 
A 
A 
Ww 
oO 
% 
°c/w 
°C/w 
°c/w 
°c/w 
Max. 
100 uA 
3.0 mA 
1.0 mA 
1.3 Vv 
0.6 Vv 
250 
160 
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P-N-P SILICON BD234 
EPITAXIAL-BASE TRANSISTORS BD236 


ELECTRICAL CHARACTERISTICS (contd. ) 


Min. Max. 
a Transition frequency 
In = 250mA, Vor = 10V, 
f = IMHz 3.0 - MHz 
Switching characteristics 
-I_ = 1A, -I =I =0.1A - 
Cc B(on) —B(off) Typ. 
t Turn-on time 0.3 us 
on 
ty ff Turn-off time 0.7 ys 
Test circuit 
+6.4V 
—20.3V 


D4996 


~IBtom 
—lg 
Input pulse: © 0 
t. = te = 15ns 
5 = 10s Intott) (7 
Te 500us ~lI¢ 


D4.gBe/t 


Mullard 


BD234 -Page 3 


Ut 
CATT 


poneenemneernenen | a tem 0. . 

=I¢q ma ————“Ttpims) = CTT 
5 Th NNT SUNTAN 

:: KL ATS 


KY 
SNES 


i 
B 
"4 
7 


| | 
ae 
me SS 
TT 


LLY 
 aeinesd 


\ 
BULLS Ss OS 
YATE 


breakdown (d.c.) 
(independent 


ot temperature) 


PT 
BaaE 
| | 
S 
i_ 
ies] 
= 
& 
rs 
fd 
= 
_ 

a 
= 
| 
= 


or) 

3 

s 

iN 

Ld 
314 
|__| 
ae 
mE 
Oo 
Lad 
w 
Le 
Shea c oo 
on a 
po 
ie 2 
ae ED 
ae Se 


SAFE OPERATING AREAS WITH THE TRANSISTOR FORWARD BIASED 
I Region of permissible d.c. operation 


II Permissible extension for repetitive pulse operation 
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P-N-P SILICON eae | BD234 
EPITAXIAL-BASE TRANSISTORS BD236 
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P-N-P SILICON 
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P-N-P SILICON BD262 
DARLINGTON POWER TRANSISTORS BD262A 


BD262B 


P-N-P silicon epitaxial base power transistors in monolithic Darlington circuit, 
intended for audio output stages and general amplifier and switching applications. 
Encapsulated in TO-126 plastic envelope. N-P-N complements are BD263, BD263A 
and BD263B respectively. ; , 


QUICK REFERENCE DATA 


BD262. BD262A BD262B 
60 80 100 v 
60 80 100 Vv 
ne ; 6.0 A 
ror M4 (Tb =25 C) 36 WwW 
T. max. 150 °c 


J 
hor typ. (I, =0.5A, Vor = 3.0V) 1000 


min. (-I, = 1.5A, -VG,, = 3.0V) 750 
fp typ. (1, = 1.5A, Vag, = 3.09) 


Unless otherwise stated data are applicable to all types. 


OUTLINE AND DIMENSIONS 


Conforms to J,E,D.E.C. TO-126 
Collector connected to the metal part of the mounting surface 


2gm 787 


Torque on nut: 
min, 3kg cm 
(0. 3Nm) 


max. 4kg cm 
(0. 4Nm) 


All dimensions in mm 


1) Within this region the cross-section of the leads is uncontrolled. 
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CIRCUIT DIAGRAM 


RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 
BD262 BD262A BD262B 
“Vopo max 60 80 100 ‘Vv 
Voro max. : 60 80 100 Vv 
“Veep max. CH Vv 
“ly max. 4.0 A 
lou max, 6.0 A 
2 max. 100 mA 
Poe max (T= 25°C) 36 w 
Temperature 
Tae -55 to +150 % 
Ty max. 150 °C 
THERMAL CHARACTERISTICS 
Runcj-amby & free aix 100 Sow 
Reh(j-mb) 3.5 °c/W 
Ren(mb-h) using mica washer and compound 3.0 °C/W 
R th(mb-h) non -insulated mounting 1.0 °c/w 
“ACCESSORIES 
Accessory Code No. Note 
1 Mica washer 56301B Supplied 
1 Plain washer 56326 on request 


When mounted on a heatsink it is essential that a plain washer be used to prevent 
damage to the devices while tightening the mounting screw. 
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P-N-P SILICON 
DARLINGTON POWER TRANSISTORS 


ELECTRICAL CHARACTERISTICS ar = 25°C unless otherwise stated) * 


BE 


VoR(sat) 


Collector cut-off current 


IF 0, Vor = ~Voro max. 
1? 0, Vor = Vono max., 
T_, = 150°C 

mb 
I =0, Vor = 30V BD262 
I, =0, Vor = 40V BD262A 
I, =0, Vor = 50V BD262B 


Emitter cut-off current 


Ta =0, Ver =5.0V 


*Static forward current transfer ratio 


-L, =0.5A, -V._ = 3.0V 


Cc * "CE 
ly =1.5A, Vor = 3.0V 
Iq = 4,0A, Vor = 3.0V 


Base-emitter voltage 


ly =1.5A, Vor = 3.0V 


Collector -emitter saturation voltage 


I =1,5A, Ip = 6.0mA 


Transition frequency 


To =1.5A, Vor = 3.0V 


Cut-off frequency 


ae =1.5A, Vor = 3.0V 


Switch -off second breakdown energy 


Tp <0, see circuit on page 8 


Min. Typ. 
- 1000 
750 - 
7 500 
- 7.0 
- 60 
30 - 


*Measured under pulse conditions: pulse width =300us, duty cycle =2%. 
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BD262 
BD262A 
BD262B 


Max. 
0.2 mA 
2.0 mA 
0.5 mA 
0.5 mA 
0.5 mA 
5.0 mA 
2.5 Vv 
2.5 Vv 
= MHz 
- kHz 
2% mJ 
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Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. operation 
Il Permissible extension for repetitive pulse operation 
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P-N-P SILICON BD262 . 
DARLINGTON POWER TRANSISTORS BD262A 


BD262B 


100 


Prot max 
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DARLINGTON POWER TRANSISTORS 


‘P-N-P SILICON 


BD262 Page 7 
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P Q 
+V2 (p-n-p) 
“V2 (n-p-n) 


+V1 (n-p-n) 


10 
+12V a 
ty2 1Ims L_—_ 
p 10 to hor: oscilloscope 
; d=0.01 25M2. 
0 th 
DS746 

; . 
; Circuit for measuring Wisp) (see page 3) 
: “low = 3.5A3 “IBM max. 1.5A, but preferably substantially lower; V v Vo and R 
E should be adjusted so that the specified “lom value is reached (V 17 Vg = about 15V, 
R = about 1002). O is the reference point for vy and Vo: 
; 
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N-P-N SILICON ’ BD263° 
DARLINGTON POWER TRANSISTORS | BD263A 


BD263B 


N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, 
intended for audio output stages and general amplifier and switching applications. 
Encapsulated in TO-126 plastic envelope. P-N-P complements are BD262, BD262A 
and BD262B respectively. 


QUICK REFERENCE DATA 
BD263 BD263A BD263B 
80 100 120 
100 


max. (T__ $28°C) 
m 


tot b 


Tj max, 
Dor typ. a, =Q,.5A, V 

min. re =1,5A, V 
fr typ. Qe =1.5A, V 


oR = 3:0V) 
or 7 30) 


CE™ 3. 0V) 


Unless otherwise stated data are applicable to all types 


OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C. TO-126 
Collector connected to the metal part of the mounting surface 


28 7Q™x 


Torque on nut: 


ww, min, 3kg cm 
y (0. 3Nm) 
LB 

max. 4kg cm 
(0.4Nm) _ 


2.54e0« 1 


All dimensions in mm 


e 
0.5 asgmex 


04235 


1) Within this region the cross-section of the leads is uncontrolled. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical : 
BD263  BD263A —-BD263B 
Vapo max. 80 100 120 Vv 
Voro max. 60 80 100 Vv 
Vipo ™a* 5.0 5.0 5.0 Vv 
I, max. 4.0 A 
lou max. 6.0 A 
IB max. 100 mA 
Pot max (T= 25°C) 36 Ww 
Temperature 
Tasty -55 to +150 iS 
T, max. 150 Cc 
THERMAL CHARACTERISTICS 
Rehcj-amby free aix 100 °C/W 
Rencj-mb) 3.5 °C/W 
Run (mb-h) using mica washer and compound 3.0 °C/W 
R th(mb-h) non-insulated mounting 1.0 °C/W 
— ACCESSORIES 
Accessory Code No. Note 
1 Mica washer 56301B Supplied 
1 Plain washer 56326 on request 


When mounted on a heatsink it is essential that a plain washer be used to prevent 
damage to the devices while tightening the mounting screw. 
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N-P-N SILICON 
DARLINGTON POWER TRANSISTORS 


‘ 


ELECTRICAL CHARACTERISTICS (T ; = 25°C unless otherwise stated) 


Min. Typ. 
Collector cut-off current 
loro Ih =0, Yop = 60V BD263——- - 
lopo I =0, Vor = 80V BD263A_ - - 
Topo I, =0, Yop = 100V BD263B - - 
-_ = to) = _s 
Topo I, =0, Vap = 60V, Tinb = ees BD263 
Topo 1h = 0, Vor = 80V, Tinb = sea BD263A_ - - 
lopo Ip =0, Vor= 100V, Tb =150C BD263B - = 
logo I, =0, Vor = 30V BD263—- - 
CEO I, =0, Vor = 40V BD263A - - 
loo Ip =0, Vor = 50V BD263B - - 
1RO Emitter cut-off current 
: 1, =9, Vip = 22 OV = 7 
hor *Static forward current transfer ratio 
Io = 0.54, Vor = 3.0V sd 1000 
In =1,5A, Vor = 3.0V 750 = 
In =4.0A, Vop = 3 7 500 
Vor Base-emitter voltage 
IQ = 1.54, Vag = 3.0V - = 
VoR(sat) an Paes voltage 
Ge TE Be ; ° 
fp Transition frequency 
I, = 1.54, Vor = 3 V = 7.0 
hfe Cut -off eh ae ae ” 
To = 158, Vag 73 - 
W (SB) Switch-off second breakdown energy 
30 7 


Ih <0, see circuit on page 8 


*Measured under pulse conditions: pulse width = 300us, duty cycle = 2%. 
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BD263 
BD263A 
BD263B 


Max. 


BERBBRBEEBRES 


2.0 
0.5 
0.5 
0.5 
5.0 mA 
2.5 Vv 
2.5 Vv 
= MHz 
in kHz 
ia mJ 
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Bg Ae See a ook 


Be he eae ec akg 


2 SES ag Bei go ale, 


+4 Second 
breakdown 

(independent 

of temperature) 


1 10 Vey) >” 102 


Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. operation 
II Permissible extension for repetitive pulse operation 
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N-P-N SILICON BD263 
DARLINGTON POWER TRANSISTORS BD263A 


BD263B 


50 


25 
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; I 

tiem) CE 
a rT 
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[| TSB. voltage multiplying factor at the Icmax level —_ 
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N-P-N SILICON 


BD263 
DARLINGTON POWER TRANSISTORS BD263A 
BD263B 
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i ae ee 


SSI A a Re Al ae a os eee ae a ded 


2 


P Q 
+V2 (p-n-p) 
“V2 (n=p-n)} 


—V; (p-n-p) 
+Vy1 (n-p-n) 


10ka 


10 


EB sacal 
10 to 


© 
tp? ims hor. oscilloscope 
d=0,01 25M. 
Q 08746 
‘Circuit for measuring Ws) (see page 3) 
low = 3.5A; Tam max. 1,5A, but preferably substantially lower; Vie Vo and R should be 


adjusted so that the specified Tom value is reached (V 1 =Vy = about 15V; R = about 1002). 


Q is the reference point for vi and Vo: 
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-P-N SILICON 
POWER TRANSISTORS abaae 


BD437 


N-P-N silicon epitaxial base power transistors in a TO-126 plastic envelope, intended : 
for use in general 1.f. applications. a 
The BD433 with its p-n-p complement BD434 is specially suitable for use in output 
stages of car radios. 

The complementary pairs BD435/BD436 and BD437/BD438 are intended for use in 
mains operated amplifiers and radio receivers with output powers of up to 10 and 
15W respectively. 


QUICK REFERENCE DATA 
BD433.  BD435 —- BD437 
22 32 45 
22: ~ 32 45 
7.0 7.0 7.0 


fo) 
on < 
toe max Tob < 25°C 


T max, 
hor min. , 1, =2A, Vop =v : 
1,=3A, V,.=1V z 


Cc CE 
f,, min. , In =250mA, V..,=1V, f=1MHz 


T CE 


Unless otherwise stated data are applicable to all types : 
OUTLINE AND DIMENSIONS | 


Conforms to J,E,D.E.C. TO-126 
Collector connected to the metal part of the mounting surface 


287 7197 


Torque on nut: 


min. 3kg cm 
(0. 3N m) 

max. 4kg cm 
(0.4N m) 


Ajl dimensions in mm 


1) Within this region the cross-section of the leads is uncontrolled 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


. Vv 


CRO max. 


13 max. 


to) 
< 
P ot max. (Tab <25 C) 
Temperature 


T 
stg 
v max. 


THERMAL CHARACTERISTICS 


Reng ea in free air 
Rn(j-mb) 


Renemb-h) using mica washer and compound 


Renqmb-h) non-insulated mounting 


BD433 


22 

22 

22 
5.0 


ELECTRICAL CHARACTERISTICS a =25°C unless otherwise stated) 


I Collector cut-off current 


CBO 
I; = 0: Vop=Ycpo 


2 es = re) 
1, =9: Vops lov, “4 150°C 


_ Pah = 0, 
1, =, Vox=cpo max., 7 150°C 
LER sree oe oe ee 
Cc’ ‘EB 
VoEK Knee voltage 


Ia = 220A, I, =the value for which 
=2. =1. BD433 
Ig 2.2A at Vor 1. 0V 


Mullard 


Min. 


BD435 BD437 
32 45 
32 45 
32 “45 

5.0 5.0 
4.0 
7.0 
1.0 
36 
-55 to +150 
150 
100 
3.5 
3.0 
1.0 
Typ. Max. 
- 100 
= 1.0 
- 3.0 
: 1.0 
= 0.8 


Zrper<a << < 


HA 
mA 
mA 


mA 
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N-P-N SILICON 
POWER TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd, ) 


VoR(sat) 


BE 


FE 


Collector -emitter saturation voltage 


1.=2.0A, 1,=0.2A BD433, 435 


Cc B 
1, =3.0A, 1,=0. 3A BD437 


*Base-emitter voltage 


I, =10mA, Vor =5.0V 
1, 72.04, Vo =10V BD433, 435 
TQ 33.04, Vag =1.0V BD437 
Static forward current transfer ratio 
In =10mA, Vor =5.0V BD433, 435 
BD437 
Ia =500mA, Vor® 1, 0V BD433, 435 
BD437 
1, =2.0A, Vog =1-0V BD433, 435 
BD437 
1, =3.0A, Vopr 71: OV BD437 


Transition frequency 
1, =250mA, Vop* 1.0V, f=1. OMHz 


Min. 


50 
40 
30 


3.0 


D.C. current gain ratio (complementary pairs) 


ol =500mA, \Yor| =1.0V 
BD433/BD434 and BD435/BD436 
BD437/BD438 


“Vor decreases by about 2. 3mV/°C with increasing temperature. 


ACCESSORIES 
Accessory Code No. 
1 Mica washer 56301B 
1 Plain washer 56326 


Note 


Supplied 


Max 
0.5 Vv 
0.7 Vv 
7 mV 
Lek Vv 
13 Vv 
475 
375 
- MHz 
1.4 
1.8 


on request 


When mounted on a heatsink it is essential that a plain washer be used to prevent 


damage to the devices while tightening the mounting screw. 
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| P-N-P SILICON BD434 
POWER TRANSISTORS BD436 


BD438 


P-N-P silicon epitaxial base power transistors in a TO -126 plastic envelope, intended 

for use in general l.f. applications. 

The BD434 with its n-p-n complement BD433 is specially suitable for use in output 
' stages of car radios, 

The complementary pairs BD435/BD436 and BD437/BD438 are intended for use in 

mains operated amplifiers and radio receivers with output powers of up to 10 and 

15W respectively. 


QUICK REFERENCE DATA 
BD434 =BD436 = BD438 
22 32 45 
22 32 45 
7.0 7.0 7.0 


max., T 
tot m 


T, max. 
J 


Dee 


fp min,, told 2 Bo LV. f= MHz 3.0 


Unless otherwise stated data are applicable to all types 
OUTLINE AND DIMENSIONS 


Conforms to J,.E.D.E.C. TO~-126 
Collector connected to the metal part of the mounting surface 


Torque on nut: 


min. 3kg cm 
(0. 3N m) 

mex. 4kg cm 
(0. 4N m) 


All dimensions in mm 


04235 
1) Within this region the cross-section of the leads is uncontrolled 
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eee (oS 
sea Banal 
~Te [—lcmax [| 
| ana 


‘Second | \\ 
breakdown 
(independent of 
temperature) | \N 
| (Se eT On Get BG 8 WAY Ae’ Tt 
fa TTA a meee 
{ee fear Gales \iPemwes 
(a) ee ed a AE AND RG 
p= YT i) AWsth 
aaa ee ee AN 
me eel i Hl 


iz 


Safe operating area with the transistor 


I Region of permissible d.c. operation 


\QWREI Aw 
NAANASE A a 


ANON Ge Gl 
N AWAIT TT 
ANT EETT 
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BY 


feose | | JT 
rr 
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BD434 


forward biased 


Il Permissible extension for repetitive pulse operation 
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P-N-P SILICON 
POWER TRANSISTORS 
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P-N-P SILICON 
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SILICON N-P-N PLANAR BDX35 
EPITAXIAL POWER TRANSISTORS BDX36 


BDX37 


N-P-N silicon planar power switching transistors, mounted in a plastic envelope 


QUICK REFERENCE DATA 
BDX35  BDX36 BDX37 
100 120 120 
60 60 80 
10 10 10 


: {o) 
Prot Max (T, < 100 C) 15 15 15 
hyp min. (I, =0.5A, Vag =10V) 45 45 45 
fp typ. (I, = 0.5A, Vp =5.0V, f= 35MHz) 100 


tore typ. Q, =5.0A, Ta(on) = “A off) =0.5A) 350 


Unless otherwise stated, data is applicable to all types 
OUTLINE AND DIMENSIONS 


Conforms to J.E.D.E.C. TO-126 
Collector connected to the metal part of the mounting surface 


[los oseres| |. tte: 
All dimensions in mm 
1) Within this region the cross-section of the leads is uncontrolled. 
Care should be taken not to bend the leads nearer than 2.5mm from the body. 


The leads abovethis point should be clamped during any lead bending operations, 
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OPERATING NOTES 


The rating graphs given in this data show the maximum permissible current for 
combinations of voltage, pulse width and duty cycle at amounting-base temperature 
of 100°C. 

Shoulda lower value of current, and consequently power, be used, the mounting -base 
temperature is permitted to rise. To determine the value of this higher temperature, 
calculate the power at the new working point and its percentage of the maximum 
permissible power at the same duty cycle and pulse width as read from the relevant 
constant power line. 


The higher temperature is read off the graph of % P ax vs, T mb at the calculated 
percentage. 


D3469 


‘constant 
power 
line 


scale 


Log scale 


Permissible higher 
mounting base temperature 


Fe ee 
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SILICON N-P-N PLANAR 
EPITAXIAL POWER TRANSISTORS 
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N-P-N SILICON PLANAR BDX42 
DARLINGTON TRANSISTORS BDX43 


BDX44 


TENTATIVE DATA 


Silicon n-p-n planar Darlington transistors for industrial switching applications, 
e.g. print hammer, solenoid, relay and lamp driving. Encapsulated in a TO-126 
plastic envelope with collector connected to the heatsink. 


QUICK REFERENCE DATA 
BDX42 BDX43 
80 
60 
I, max. P 1.0 
max. (T= 25 C) 
mex. (T= 100°C) 
min. (1, =500mA, V_,,,=10V) 
VoR(eat) max, (I, =1.0A, 
I, =1.0mA) 
max, (I, =1.0A, 
1, =4.0mA) 
tgp tYP- (1, =500mA, Fon) = 
Tyofty 7 5mA) 


Unless otherwise stated data are applicable to all types. 
OUTLINE AND DIMENSIONS 


Conforms to J,E.D,E.C. TO~126 
Collector connected to the metal part of the mounting surface 


Vor(sat) 


2.8% 7g 
¢ 
no! b 
oy 
a ° 
D4930 


: e 
Ail dimensions in mm 
0.5 068h¢ 2. 06235 


1) Within this region the cross-section of the leads is uncontrolled 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


BDX43 
80 


60 
5.0 
1.0 
0.1 
1.25 
5.0 


-65 to +150 


Electrical 
BDX42 
: 6 

Vapo max 0 
Vog max. (Max. external Ror 100ka 

at Tj =150°C) 45 
Vero max. 5.0 
I lc max, 1.0 
I max, : 0.1 
F ok max. (Ta mp* 25°C) 1,25 

0, 

BP ee max. (Tab = 100°C) 5.0 
Temperature 
T stg range 
T, max. 


J 
THERMAL CHARACTERISTICS 


Min. 


150 


100 


10 


Typ. 


Rn(j-amb) 
Ren(j-mb) 
ELECTRICAL CHARACTERISTICS (r=28°C unless otherwise stated) 

logo Collector cut-off current 
Vopu45V> 1,70 BDX42 
Vop = O0V> I, =0 BDX43 

=80V, I= 

Vos IV I, 0 BDX44 

IB0 Emitter cut-off current 
Vapn 4 OV> I, =0 

hop Static forward current transfer ratio 
I, =150mA, Vor =10V 
Ia =500mA, Vor =10V 

Vor (sat) Collector -emitter saturation voltage . 
I, =500mA, 1,70: 5SmA 
T,=1.0A, 1,71.0mA BDX43 
L,=1.0A, 1,=4.0mA BDX42 
“ 8 BDX44 
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BDX44 
100 


80 
5.0 
1.0 
0.1 
1,25 
5.0 


Max. 


100 


100 
100 


100 
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N-P-N SILICON PLANAR 
DARLINGTON TRANSISTORS 


ELECTRICAL CHARACTERISTICS (Contd. ) 


1, =500mA, 1, =0.5mA, T,=150°c = 
I,=10A, I.=1.0mA, T= 150°C 
/ BDX43_—- 
1,=1.0A, 1, =4.0mA, T,=150°C 
BDX42_ - 
BDX44 - 
Vor (sat) Base-emitter saturation voltage 
1, =500mA, 1, =0.5mA - 
=], ¥ =i, 3 = 
ly 1.0A I 1.0mA BDX4: 
1, =1.0A, 1, = 4.0mA BDX42 - 
BDX44 ~ 
hee Small signal forward current transfer ratio 
=0, ; =5, Sf Ts 
I 0.5A Vor 5.0V, f=35MHz 5 
Switching times (see also page 4): 
I, =500mA, Ton) > Ta oft) 72° 5mA 
t Turn-on time ~ 
on 
off Turn -off time as 
Io =1.0A, Ton) > “Ty oft) = 1.0mA 
t Turn-on time ~ 
on 
t ff Turn -off time - 


MECHANICAL DATA 


Maximum torque on nut 


Minimum torque on nut for good thermal contact 


ACCESSORIES 
Accessory Code No, 
1 Mica washer 56301B 
J Plain washer 56326 


When mounted on a heatsink it is essential that a plain washer he used to prevent 
damage to the devices while tightening the mounting screw. 


Mullard 


Typ. Max, 
- 1.3 Vv 
- 1.8 Vv 
- 1.6 Vv 
- 1.6 Vv 
- 1.9 Vv 
- 2, Vv 
- 2.2 Vv 
- 2.2 Vv 
10 - 
- 400 ns 
1000 2000 ns 
- 400 ns 
1000 2000 ns 4 
4.0 kg cm 
0.4 Nm 
3.0 kg cm ; 
0.3 Nm i 
Note 
Supplied 
on request 


BDX 42 -Page 3 


MEASUREMENT OF SATURATED SWITCHING TIMES 
Test circuit for 500mA switching. 


-2.2V +10V 
9kN 18Q 
tr 36kA 
Rall : 
oa a 
I¢=500mA 
Ip (oni=~ lator}? 900 pA 
500 
a “d 
OhO20/a 
Switching waveforms 
aa —|—90% 


t 
| D6020/b 
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j 


06021 


DARLINGTON TRANSISTORS 
wi 


N-P-N SILICON PLANAR 


Prot max 


100 7; (°C) 150 
BDX42-Page 5 


10V 


Typical curves }~ 


Vo E 


50 


—— 5 
Loe 
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CIRCUIT DIAGRAM 


_ DS814 e 


RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 
BDX62 BDX62A BDX62B 
< . 6 , 
Vv CBO max 0 80 100 v 
-V CEO max, 60 80 100 Vv 
VERO max, 5.0 5.0 5.0 Vv 
Ia max. 8.0 A 
“om max. 12 A 
“Ip max. 150 mA 
fe) 
Prot max. (Tab 25°C) 90 W 
Temperature 
ae -55 to +200 6 
stg _ 
T; max. 200 Cc 
THERMAL CHARACTERISTIC 
1.94 °c/w 


Ring -mb) 
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P-N-P SILICON 
DARLINGTON POWER TRANSISTORS 


ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise stated) 


“Ver 


VoR(sat) 


Collector cut-off current 


Ty =O Veg = Vong max 


I, =0, -V,=-V_ max., T.=180°C 
E j 


=0, -V__ = 30V BDX62 
=0, -V.. = 40V BDX62A 


Emitter cut-off current 


In =0, Vip = 5.0V 


*Static forward current transfer ratio 


“I, =0.5A, -V_. = 3.0V 


Cc CE 
Ig =3.0A, Vor = 3.0V 
lo =8.0A, Vor = 3.0V 


Base-emitter voltage 

“IG = 3.0A, Vor = 3.0V 
Collector -emitter saturation voltage 

-I., =3.0A, -I, = 12 

Ia 3.0A In 12mA 
Transition frequency 


“I, = 3.04, -V = 3.0V 


CE 
Cut-off frequency 
-L, =3.0A, - = 3, 
Ta 3.CA, Vor 3.0V 


Switch-off second breakdown energy 
“I, <0, see also page 8 
Diode forward voltage 


In =3.0A 


1,=0, -v = 50V BDX62B 


Min. 


Typ. 


7.0 


60 


1.8 


*Measured under pulse conditions: pulse width =300us, duty cycle =2%. 
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Max, 


0.5 


2.5 


2.0 


MHz 


kHz 
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Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. operation 


Il Permissible extension for repetitive pulse operation 
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P-N-P SILICON BDX62 
DARLINGTON POWER TRANSISTORS BDX62A 


BDX62B 


oe 
# 


Second 
breakdown 
independent 


of temperature) 


Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. operation 


If Permissible extension for repetitive pulse operation 
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DS787 


37 
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P-N-P SILICON BDX62 
DARLINGTON POWER TRANSISTORS BDX62A 


Oy ie eae EG 
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P Q 
-V4 (p-n-p) 9 +V> (p-n-p} 
+V; (n-p-n) -V2 (n-p-n) 


+12V 
tp=Ims 10 to hor. oscilloscope 
d=0.01 25M0. ae 
7 0 ‘7 05746 
Circuit for measuring Wop) (see page 3) 
Tom = 4,5A; “laut max. 1.5A, but preferably substantially lower; Vi Vo and R should 


be adjusted so that the specified Ton value is reached Wy = Vy = about 15V; R = about 
1002). O is the reference point for vy and Vo: 
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N-P-N SILICON BDX63 
DARLINGTON POWER TRANSISTORS BDX63A 


BDX63B 


N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, in- 
tended for audio output stages and general amplifier and switching applications. 
Encapsulated in a TO-3 envelope. P-N-P complements are BDX62, BDX62A and 
BDX62B respectively. 


QUICK REFERENCE DATA 
BDX63 BDX63A BDX63B 


° 
7 (Tab = 29 C) 

max, 

typ. (iQ =0.5A, Vor 

min, (Iq = 3.0A, Vor 

typ. (I, = 3.0A, Vor 


= 3.0V) 
= 3.0V) 
= 3.0V) 


Unless otherwise stated data are applicable to all types 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO -5B/SB2-2 
J-E.D.E.C. TO-3 


8.637" 
| 16 
No 
tt 
Q 
13 ' 
asiaee 
05811 


All dimensions in mm 
Collector connected to envelope 
Accessories available: 56201A (insulating bush), 56201B(mica washer), 56214 (lead 
washer) 
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CIRCUIT DIAGRAM 


05615 e 


RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 
BDX63.  BDX63A = BDX63B 

Varo max. 80 100 120 Vv 
Vo EO ™*: 60 80 100 Vv 
VeRO max. 5.0 5.0 5.0 Vv 
Ig max. 8.0 A 
I CM max. 12 A 
I, max. 150 mA 
Prot max(T Ly <25°C) 90 Ww 

Temperature 
Te -55 to +200 c 
T; max. 200 Cc 


THERMAL CHARACTERISTICS 


Rin(j-mb) 1.94 C/W 
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N-P-N SILICON BDX63 
DARLINGTON POWER TRANSISTORS BDX63A 


BDX63B 


ELECTRICAL CHARACTERISTICS uy = 25°C unless otherwise stated) 
Min. Typ. Max. 


Collector cut-off current 


lopo Ip =0, Vor = 60V BDX63_—- - 0.2 mA 
lop Ip = 0, Vor = 80V BDX63A_ - - 0. 2 mA 
ToRO In =0, Vor = 100V BDX63B_ - = 0.2 mA : 
ees Ty = 0, Vog = 60V, T= fg BDX63_—- - 2.0 mA ; 
lopo I, = 0, Vor = 80V, Tinb = ah BDX63A_ - - 2.0 mA 
lapo Ih =0, Vor = 100V, Tabs 150C BDX63B - - 2.0 mA * 
loro 1h = Vop = 30V BDX63_—- - 0.5 mA : 
logo I = 0, Vor = 40V BDX63A_ - - 0.5 mA 4 
loro Ih =0, Vor = 50V BDX63B_ - - 0.5 mA 
TER Emitter cut-off current 
1, =9, Vip = 3 OV = - 5.0 mA 
hep *Static forward current transfer ratio 
Io =0.5A, Vor = 3.0V - 1500 7 
I, = 3.0A, Vor = 3.0V 1000 - - 
I, = 8.0A, Vor = 3.0V = 750 7 
Ver Base-emitter voltage 
1, = 3.0A, Vip = 3.0V - = 2.5 Vv 
v CR(sat) Collector ~emitter saturation voltage ; 
1, = 3.04, I, = 12mA : - 2.0 Vv : 
fy Transition frequency ; 
I, =3.0A, Vor = 3.0V = 7.0 - MHz 
fh fe Cut -off frequency 
In = 3.0A, Vor = 3.0V 5 60 = kHz 
(SB) Switch -off second breakdown voltage 
I, < 0 (see also page 8) 50 - z mJ : 
Ve Diode forward voltage : 
I, = 3.0A =f 128): «= Vv 4 
*Measured under pulse conditions: pulse width =300us, duty cycle =2%. E 
Mullard 
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Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. opération 


Il Permissible extension for repetitive pulse operation 
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N-P-N SILICON BDX63 
DARLINGTON POWER TRANSISTORS BDX63A 


BDX63B 


oT 
UAT 
\ 


Second 
breakdown 
{independent 

of temperature) 


a 2 = 
aon: — 


Safe Operating Area with the transistor forward biased 


I Region of permissible d.c. operation 


i] Permissible extension for repetitive pulse operation 
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BDX63 
BDX63A 
BDX63B 


DARLINGTON POWER TRANSISTORS 


N-P-N SILICON: 


08766 
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05768 


104 
5 123A 
Me Vop23V 
ce A. 
103 
7 
5 <= 
I i 
2 4 4 
typ 
10? 
es 
= 
1 a 
2 
10 
? 
3 
2 4 4 | 
1 
5 7 5-7: 2 5 7 2 57 2 5 7 5 7 
1° 0! * 102 10? 104 10° “ttkHz) | 10° 
P Q 
-V; (p-n-p) O +V2 (p-n-p} 
+V, (n-p-n) -V2 (n-p-n) 


+12V 
tp=Ims 10 to hor. oscilloscope 
¢=0.01 25M sie 
Za 0 a 05746 


Circuit for measuring W (see page 3) 


(SB) 
I CM = 4.545 tem max. 1.5A, but preferably substantially lower; Vi Vv 2 and R should be 
adjusted so that the specified Tom value is reached (Vy = Vy = about 15V; R= about 1002). 


O is the reference point for vy and Vo: 
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P-N-P SILICON | BDX64 
DARLINGTON POWER TRANSISTORS pnyyan 


BDX64B 


P-N-P silicon epitaxial base power transistors in monolithic Darlington circuit, in- 
tended for audio output stages and general amplifier and switching applications. 


Encapsulated in a TO-3 envelope. N-P-N complements are BDX65, BDX65A and 
BDX65B respectively. 


QUICK REFERENCE DATA 


BDX64 BDX64A BDX64B 


max. 
max. (T= 25°C) 
max. 
typ. (I,=1.0A, -V, 
min. (-I,=5.0A, -V 


Cc 
typ. (-I,=5.0A, Vi, 


2 73-0V) 
5 73:0V) 
=3.0V) 


Unless otherwise stated data are applicable to all types. 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-5A/SB2 -2 
J.E.D.E.C. TO-3 


266 max 


395 70% 


D6270 


All dimensions in mm 


Collector connected to envelope 
Accessories available: 56239A (insulating bush), 56201B (mica washer), 56214 (lead washer) 
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CIRCUIT DIAGRAM 
[pen a ee ee 


' c 
05814 
e 
RATINGS 
Limiting values of operation according to the absolute maximum system. 
Electrical 
BDX64 BDX64A BDX64B 
Vaso max. 60 80 100 Vv 
oro max. 60 80 100 Vv 
~Vepo max 5.0 5.0 5.0 v 
I max. 12 A 
Tom max. 16 A 
tL max. 200 mA 
ig ie} 
tor MAX (Tab = 25°C) 117 Ww 
Temperature 
T -55 to +200 °c 
stg 
yy max. 200 % 
THERMAL CHARACTERISTIC 
Ren(j-mb) 1.5 °c/w 
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P-N-P SILICON BDX64 
DARLINGTON POWER TRANSISTORS BDX64A 


BDX64B 


ELECTRICAL CHARACTERISTICS (T i = 25°C unless otherwise stated) 


Min. Typ. Max. 
Collector cut-off current 

Topo LL =0, Vop = “Vopo max. P - - 0.4 mA 
“logo 1, =, Vop= Vago max., neta (eo) - - 3.0 mA 
verte) =0, Vor =30V BDX64 ? - 1.0 mA 
“logo it : Vop 740 BDX64A - 2 1.0 mA 
Toro =0, Vor =50V BDX64B - - 1.0 mA 
Tepo Emitter cut-off current 

1, =9, Vip 7: OV 7 - 5.0 mA 
hor *Static forward current transfer ratio 

1, =1.0A, Vog 73. 0V - 1500 - 

“1, =5.0A, Vop 73-0V 1000 - - 

ae = 10A, Vor =3.0V = 1500 - 
“Ver Base-emitter voltage 

- =5.0 7 Ot =3, - - : 

Ta A Vor 3. 0V 3.0 Vv 
Vor (sat) Collector -emitter saturation voltage 

1, =5.0A, “I, =20mA - : 2.5 v 
fp Transition frequency 

1, =5.04, Vog 79: OV = 7.0 - MHz 
tafe Cut -off frequency 

“1, =5.0A, “Vag 75. 0V 7 60 - kHz 
Ww (SB) Switch-off second breakdown energy 

I, <0, see also page 8 100 - - mJ 
Ve Diode forward voltage 

I, =5.0A 7 1.8 - Vv 


*Measured under pulse conditions: “a <300ps, d <2% 


. 
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Safe Operating Areas with the transistor forward biased 
II Permissible extension for repetitive pulse operation 


I Region of permissible d.c. operation 


BDX64 
BDX64A 
BDX64B 


DARLINGTON POWER TRANSISTORS 


P-N-P SILICON 


D6229 


50 


(%} 


Mullard 


BDX64 Page 5 


S 


aera 
-B. current multiplying factor at the -Vceo max tevels (60, 80,100V)} —} 
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P-N-P SILICON | BDX64 
DARLINGTON POWER TRANSISTORS ppx¢4n 


BDX64B 
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~ Vy (p-n-p) O 
+V4 (n-p-n) 


+V2 ip-n-p) 
-V2 (n-p-n) 


10 
+12V n 
tp=ims 10 to hor. oscilloscope 
d=0.01 25M2. + 
(/ 0 ‘fo 05746 


Circuit for measuring Wop) (see page 3) 
Icom =6.3A; -I,,, max. 3.5A, but preferably substantially lower; V,, V2 and R should 
be adjusted so that the specified -Iqy4 value is reached (V] = V2 = about 35V; R =about 1002.) 
O is the reference point for Vy and Vo. 
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Soares RANSISTORS BDX65 
DARLINGTON POWER TRA BDX65A 


‘BDX65B 


N-P-N silicon epitaxial base power transistors in monolithic Darlington circuit, in- 
tended for audio output stages and general amplifier and switching applications. 
Encapsulated in a TO-3 envelope. P-N-P complements are BDX64, BDX64A and 
BDX64B respectively. 


QUICK REFERENCE DATA 
BDX65 BDX65A BDX65B 


CBO 
max. 


Vv max. 
Vv 


(.) 
max, (Tab * 25°C) 
max. 
‘typ. (i, =1.0A, Vog 73-0V) 
min. (I, =5.0A, Viv =3.0V) 


CE 


(I, =5.04, Vor =3.0V) 


Unless otherwise stated data are applicable to all types. 
OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO -5A/SB2-2 
J.E.D.E.C. TO-3 


1 


06270 


Ali dimensions in mm 


Collector connected to envelope 
Accessories available: 56239A (insulating bush), 56201B (mica washer), 56214 (lead washer), 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


max. 


) 
Prot max: Tab = 25°C) 


Temperature 


T 
stg 
T, max. 


j 
THERMAL CHARACTERISTIC 


Ren(j-mb) 


BDX65 BDX65A BDX65B 


80 100 120 Vv 
60 80 100 Vv 
5.0 5.0 5.0 Vv 
~~’ 
12 A 
16 A 
200 mA 
117 Ww 
ie) 
-55 to +200 Cc 
200 % 
1.5 °c/w 
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N-P-N SILICON 
DARLINGTON POWER TRANSISTORS 


ELECTRICAL CHARACTERISTICS ; =25°C unless otherwise stated) 


Min. Typ. 
Collector cut-off current 
logo Ip =0, Yop =60V BDX65 | ~ - 
Toro I =0, Yop = 80V BDX65A = : 
Topo aE =0, Vor =100V BDX65B * ~ 
c . = ° = & 
‘CBO I, =0, Vop =60V, T; ee BDX65 
lono Ip =0, Vop =80V, T; =150 BDX65A - - 
CBO I, =9, Veg = 100v, Tyr 180 C BDX65B - . 
logo 1,70. Vor =30V BDX65 ~ - 
loro 1,70: Vor =40V BDX65A - - 
IoRO I =0, Vor =50V BDX65B - - 
TeRO Emitter cut-off current 
1,=0, Vig 75: OV - i 
hep *Static forward current transfer ratio 
1, 71.04, Vo, =38.0V - 1500 
1,=5.0A, V. =3.0V 1000 = 
Ins 10A, Vor =3-0V 2 1500 
Ver Base -emitter voltage 
1, =5.0A, Vp =3.0V of - 
Vor (sat) Collector -emitter saturation voltage 
1, =5.0A, 1, 720mA 5 2 
fr . Transition frequency 
1, =5.0A, Vip = 3.0V ‘ 7 7.0 
fh fe Cut off frequency 
1, =5.0A, Vag =3- OV - 60 
Ww (SB) Switch -off second breakdown energy 
I <0, see also page 8 100 - 
Ve Diode forward voltage, I, =5.0A - 1.8 


*Measured under pulse conditions, tb <300us, d <2% 
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BDX65 
BDX65A 
BDX65B 


Max. 

0.4 ‘mA 
0.4 mA 
0.4 mA 
3.0 mA 
3.0 mA 
3.0 mA 
1.0 mA 
1.0 mA 
1.0 mA 
5.0 mA 
3.0 Vv 
2.5 Vv 


- MHz 


- kHz 
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Safe Operating Areas with the transistor forward biased 
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oOo 
Il Permissible extension for repetitive pulse operation 


I Region of permissible d.c. operation 
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DARLINGTON POWER TRANSISTORS 


N-P-N SILICON 


Zthij~mo) 


D6261 
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(Co. rE 


§.B. current multiplying factor at the VoEo max levels (60, 80,100V) 
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DARLINGTON POWER TRANSISTORS 


N-P-N SILICON 
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P. Q 


+V2 (p-n-p) 
-V2 (n-p-n) 


vert. oscilloscope 


tp=Ims 10 to hor. oscilloscope 
d=0.01 25M 6 
0 ‘f 05746 
Circuit for measuring Wsp) (see page 3) 
=6.3A; . 3.5A. i ; x 
Tom A Im max, 3.5A. but preferably substantially lower; vy Vy and R should be 


adjusted so that the specified I value is reached (V, = V5 =about 35V; R = about 1009) 
CM 1 2 


O is the reference point for V, and V5 
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N-P-N SILICON DIFFUSED BDY20 
POWER TRANSISTOR 2-BDY20 


N-P-N silicon diffused power transistor, intended for high quality amp- 
lifiers, power supplies, inverters and similar industrial applications. 


QUICK REFERENCE DATA 


VoRo max, : 100 Vv 
Varo max. 60 Vv 
Tom max. : 15 . A 
Prot max. (Tbe? Cc) 115 a 
< max. 200 Cc 
hon (I, =4.0A, Vog=4-0V) 20 to 70 

fr typ. (,=1.0A, Vop=*-OV, f=1.0MHz) 1.0 MHz 


OUTLINE AND DIMENSIONS 


Conforming to B.S. 3934 SO-5B/SB2-2 
J.E.D.E.C. TO-3 


—>}8.63 max j<— 
~| +16 


10,9 
All dimensions in mm D581! 


Collector connected to envelope 


Accessories available: 56239A (insulating bush), 56201B (mica washer), 
56214 (lead washer) 
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RATINGS. 
Limiting values of operation according to the absolute maximum system.’ 


Electrical 
Vopo Mm 100 v 
Vero M8: ig 0-24) 60 Vv 
Vorr max, py 1002, 1,=0.2A) 70 Vv 
Vv js 
EBO max 7.0 Vv 
I, max. 15 A 
I cM max. 15 A 
Tom max. ‘ 15 A 
— 
Prop max: (Tp=2 © 115 WwW 
Temperature 
T. min. -65 °c 
stg 6 
T max. 200 Cc 
stg 6 
T. max. 200 


J 
THERMAL CHARACTERISTICS 


R hg-amb) In free air 40 degC/W 
Rn (j-mb) 1.5 degC /W 
Ru mb-h Contact thermal resistance 

( ) without insulating material 0.5 degC/W 
Bn (mb-h) Contact thermal resistance with 


lead and mica washers, 
accessories 56214, 56201B 0.75 degc/w 


ELECTRICAL CHARACTERISTICS (r,=25°C unless otherwise stated) 


Min. Typ. Max. 


Collector cut-off current 


lars Vop7 l00v, 1,=0 - 3.0uA 5.0 mA 
lox Vop7 100V, -Vap=1-5V - 4.0vA 5.0 mA 
ee Vog7100V, -Vap"1-5V, 
T,=150°C - 0.3 10 mA 
a ek ie a 
EB” ’ C : 
ee | a eS 
ont 0A: Vag a4: ; ; 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


Min. 
Vor (sat) Collector-emitter saturation 
3 voltage 

T,7=4.0A, 1,70.4A - 

h Static forward current 
FE s 
: transfer ratio 

1,=4.0A, Vor =4.0V 20 
Cee Collector capacitance 

T7179, Vop@20V, 

f=1.0MHz ~ 
fr Transition frequency 

1,=1.04, Vor 4-OV, 

f=1.0MHz - 
fife Cut-off frequency 

T,=1.0A, Vor 74-0V - 
Switching times (see Fig.1 and Fig. 2) 

1,74.0V, I b0n ~~ Bore 9-44 

Turn-on 
t d Delay time - 
t Rise time ~ 
r 
Turn-off 


Storage time ~ 


Fall time ~ 


CHARACTERISTICS OF MATCHED PAIRS 


1,=0.4A, V 


Ratio of static forward current 
transfer ratio of a matched 

pair 

c Cc EB 4 0V ~ 


1, 74.04, Vap74.0V = 


-Mullard 


BDY20 
2-BDY20 


Typ. Max. 
0.4 1.1 Vv 
- 70 

250 - pF 
1.0 - MHz 
15 - kHz 
0.4 - BS 
2.0 - us 
2.0 - ps 
2.5 - ys 
- 1.6 
- 1.3 


BDY20 Page 3 


Switching times 


Test circuit 


Oscilloscope 
(500.) 


+40V 


tp > 10ps 
t. < 10ns = 
R; = 500 


Oscilloscope tp <10ns Fig.1 


Waveforms 


t, and ty measurement 
‘ 


90% 


tgand t, measurement 
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N-P-N SILICON DIFFUSED BDY20 


POWER TRANSISTOR 


(A 


Ir. 
I. 


2-BDY20 


) 


10 4 - I i of 
a { 
fp | 
HHH | 
suceesees : 
shore rer rr + 
A =_ 
| 
fo) Co rr 
[e) 20 40 60 80 100 
Vee) 


AREAS OF SAFE OPERATION 
Operation is allowed under all base-emitter conditions, provided no limiting 
values are exceeded. 
Operation is allowed when the transistor is cut-off,provided -Vpr=l.5v. 
Operation is allowed during switch-off, provided the transistor is cut-off 
with -Vpp=1.5V and the transient energy does not exceed 75mWs. 


O1 1 10 100 1k 10k Rog (0) 


MAXIMUM ALLOWABLE COLLECTOR-EMITTER VOLTAGE PLOTTED 


AGAINST BASE-EMITTER RESISTANCE 
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a BDY20 CoH “| [2 
Prot 8 C 
(w) & i. 
Fret ian a eee reer rt 
if sueeres Toa 
100 
rT ae Re | 
Ri) « | 1 
*0.5 Mounted with lead and 
is = So¢, Cet] mica washers on 
C1 Sy intinite heatsink 
50 
Ct 
CoH a 
1 
‘ ze 
ott 
fe) 50 100 150 200 Tomb (°C) 


MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 
AMBIENT TEMPERATURE 


Rent) =Transient thermal resistance 
between junction and mounting base, 


Rtn(j-mb) 
ian is 


TRANSIENT THERMAL RESISTANCE PLOTTED AGAINST 
PULSE DURATION 
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N-P-N SILICON DIFFUSED BDY20 
POWER TRANSISTOR 2-BDY20 


100 BOY20--——+ B8271 


Tcpo|, 


10 


sh Max. | 


100) 


Typ. 


Typ. 


O14 
oO 50 100 150 200 Tj CC) 


VARIATION OF COLLECTOR CUT-OFF CURRENT WITH 
. JUNCTION TEMPERATURE : 


Mullard BDY20 Page 7 


I¢ i BDY 20 | 
a) : | 
ar t Tj =25°C 
2 - O-6A 
+, > Tt 
¥ 9 : 205A 7 
-o4a [+4 
ae 203A 
L iui LI [- 
Pty =0-2A 
5H 
LT | ioe eO4A H+ 
=50mA 
=10mA | 
, HH 
6) 1 2 3 4 Vog (Vv) 


TYPICAL OUTPUT CHARACTERISTICS 


1 10 100 TpimA) 1000 


TYPICAL TRANSFER CHARACTERISTIC 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 
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MUTUAL CHARACTERISTICS 
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TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER 
RATIO AND TRANSITION FREQUENCY WITH COLLECTOR CURRENT 
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N-P-N SILICON DIFFUSED BDY38 
POWER TRANSISTOR 2-BDY38 


‘N-P-N silicon diffused power transistor, intended for amplifier, converter 
and voltage stabiliser applications. 


QUICK REFERENCE DATA 


m 3. 


Cc 
° 

= 
Prot max. (Tab 25 C) 


T, max. 
3 


bor min. €,=2.0A, Vor *4-9V) 
fr typ. (,=1.0A, Vor 4-OV, f=1.0MHz) 


OUTLINE AND DIMENSIONS 


Conforming to B.S. 3934 SO-5B /SB2-2 
J.E.D.E.C. TO-3 


All dimensions in mm 


Collector connected to envelope 


Accessories available: 56239A (insulating bush), 56201B (mica washer), 
56214 (lead washer) 
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RATINGS 


Electrical 


Vaso max. 


Vv max. a, =200mA) 


VERO max. 


T, max. 


T. max. 
J 


THERMAL CHARACTERISTICS 


Rengj-amb) In free air 

Ry (j-mb) 

R, ‘ Contact thermal resistance 
thonb=A) without insulating material 

Ry (mb-h) Contact thermal resistance 


accessories 56214, 56201B 


ELECTRICAL CHARACTERISTICS (T 


amb 
Collector cut-off current 
c ’ = = 
IoRo Vos 50V, I, 0 
lors Vag 50V, Ver? 
I Emitter cut-off current 
ne? Vip =7.0V, I,=0 
EB Cc 
Vv CE(sat) Collector-emitter saturation 
voltage 
ly =2.0A, 1,70 2A 
Var Base-emitter voltage 
1,=2.0A, Vop@t- OV 
hoe Static forward current 


transfer ratio 


1,=0.24, Von #0 


i =2.0A, Vorp@4-0V 


Mullard 


with lead and mica washers, 


Min. 


30 


30 


Limiting values of operation according to the absolute maximum system. 


50 

40 
7.0 
6.0 
6.0 
8.0 
2.0 

115 


Z> pp pr dd 


-65 to 200 Cc 
200 


40 degC/W 
1.5 -degC/W 


0.5 degC /W 


0.75 degC/W 


=25°C unless otherwise stated) 


Typ. Max. 


3.0uA 1.0 mA 
3.0uA 1.0 mA 


1.0nA 5.0 mA 
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N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


f, Transition frequency 


Che Collector depletion 
capacitance 


CHARACTERISTICS OF MATCHED PAIRS 


h Ratio of static forward 
FE1 fi 
1. current transfer ratio 
FE2 1, =0.2A, Vop@4-0V 

1, =2.0A, Vog 4-0 


Mullard 


BDY38 > 3 
2-BDY38 “ 


pete og eat Lak 


Typ. Max. 
1.0 - MHz 
250 - pF 
- 1.5 
- 1.3 


TE Ee ee OTe 
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AREAS OF SAFE OPERATION 


Operation is allowed under all base-emitter conditions, provided no limiting 
values are exceeded. 


ll. Operation is allowed when the transistor is cut-off,provided -Vpp=1.5V. 
Il. Operation is allowed during switch-off, provided the transistor is cut-off 
with -Vpp=1-5V and the transient energy does not exceed 75mWs. 
Voer BDY38 
(v) = 
I¢ 2200mA 
1 aise —I¢#200mA 
50 =< ! 
= VCER 
= Ree | 
45-—+— 2 : = ee 
40 — =e = — - 
= ce he a EH 
35 = 44 
O41 +0 10 100 1k 10k Ree (2) 


MAXIMUM ALLOWABLE COLLECTOR-EMITTER VOLTAGE PLOTTED 
AGAINST BASE-EMITTER RESISTANCE 
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BDY38 
2-BDY38 


N-P-N SILICON DIFFUSED 
POWER TRANSISTOR 


t(s) 


10 


ine) 


38 


H BDY 


AMBIENT TEMPERATURE 


between junction and mounting base. 


Rth(t)= Transient thermal resistance 


MAXIMUM PERMISSIBLE TOTAL DISSIPATION PLOTTED AGAINST 


BDY38 Page 5. 


TRANSIENT THERMAL RESISTANCE PLOTTED AGAINST 
PULSE DURATION 
Mullard 


200 


Tj Co) 


TYPICAL COLLECTOR CUT-OFF CURRENT PLOTTED AGAINST 


JUNCTION TEMPERATURE 
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N-P-N SILICON DIFFUSED BDY38 
POWER TRANSISTOR 2-BDY38 


1 poy3e 1H, H FEE 
BeEes TjF 25°C 
rt 
H {+ Py ty 
Ig=400mA 
cory ia » 
rT ltt. 2350mA/_ 


Nn 

} 
rorH 
H 

SEH 
cam | 
HH 


a) 10 2:0 3-0 40 9 VBE (Vv) 


TYPICAL MUTUAL CHARACTERISTIC : 
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PTT yr Lt 
FETE evs | 
TTT TTT 


TYPICAL VARIATION OF STATIC FORWARD CURRENT TRANSFER 
RATIO AND TRANSITION FREQUENCY WITH COLLECTOR CURRENT 
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| - N-P-N SILICON BDY90 
HIGH-POWER TRANSISTORS BDY9! 


BDY92 


N-P-N silicon high-power transistors in metal envelopes for use in converters, 
inverters, switching regulators and switching control amplifiers. 


QUICK REFERENCE DATA 
BDY90 BDY9i BDY92 
120 100 80 
100 80 60 
15 15 15 


° 
Prot Tgax. (Taps C) 40 40 40 


Voryeat) ™2%+ (Ig=10A, 1,= 1A) 
ymax. (Q=5A, Tyo = ly iogp 795A; 


Vog70V) 


fp typ. (1, =0.5A, V2.7 5V,£=5MHz) ; 


CE 


Unless otherwise stated data are applicable to all types 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-5A/SB2-2 
J.E.D.E.C. TO-3 


72006723 


All dimensions in mm 1 
Collector electrically connected to case 


Accessories available: 56201A (insulating bush), 56201B (mica washer), 56214 (lead washer) 


4 
Ad 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical BDY90 BDY91 BDY92 
Vopo max. 120 100 80 Vv 
VoErx max. Vien 1.5V) 120 100 80 Vv 
Voro max. 100 80 60 Vv 
VERO max. 6.0 6.0 6.6 Vv 
I, max. 10 A 
Iom max. 15 A 
7 max. . 2.0 A 
ta max. 3.0 A 
I, max. ; 41 A 
-loM max. 15 A 
0 
Prot max. (Tape) C) . 40 WwW 
Temperature 
° 
- + 
T atg 65 to +175 = 
e max. 175 Cc 
THERMAL CHARACTERISTIC 
Rua (j-mb) F 2.5 .' degc/w 
ELECTRICAL CHARACTERISTICS (1-28 C unless otherwise stated) 
P Min. Typ. Max. 
_ = 9, 
loex ee oo ae *mb 150°C ; ; he a 
Ep? Ge cEx ; 
Vv Collector-emitter saturation voltage 
CEs) 1,=5.0A, 1.70.54 . 2 0.5 Vv 
T,=10A, 171-04 BDY90, 91 - - 1.5 Vv 
BDY92 - - 1.0 Vv 
Vv Base-emitter saturation voltage 
bt ia 1,=5.0A, 1,70-5A - 2 1.2 Vv 
Cc 
oc MOA, 171.04 = = 1.5 Vv 
hor Static forward current transfer ratio 
1,7L.0A, Viog 7 2s0¥ 35 - - 
1, 75.04, Vor 75-0V 30 - 120 
1,=10A, Vop 3 0V 20 - - 
fp Transition frequency 
1, 70.54, Vop5-0V, £=5.0MHz = 70 = MHz 
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N-P-N SILICON | ~ BDY90 
HIGH-POWER TRANSISTORS BDY9! 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. Max. 


Switching characteristics (see test circuit and waveforms) 


I, =5.0A, TB (on) Boff) =0.5A, Voc =30V 

t Turn-on time - ~ 0.35 
on 

t. Storage time = - 1.3 
t Fall time , = > 0.2 


Test circuit 


Pulse generator 


t.< 50ns, t,<50ns, 


f 
t =20us, d=0.02 
p Be 


TB (on) 'B (off) Oscilloscope 


Waveforms 


Ig input waveform 


time 


output waveform 
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10” ETO MARA RM AR TE ES i | 
or 


SAN I 
JINKS 


+— +e yy 
A ie 
no 


2 
10 10° Noe (V) 


SAFE OPERATING AREAS (Regions! and II, forward biased) 


I Region of permissible d.c. operation 
Ul Permissible extension for repetitive pulsed operation 
Tl Repetitive pulsed operation in this region is allowable, provided Vag? 5V 
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N-P-N SILICON | BDY90 
HIGH-POWER TRANSISTORS BDY9I 5 


. BDY92 


wmn~OOO00¢ 
wn 


oo 


1 eB 8G > 8 7 40? Vee (VD 


SAFE OPERATING AREAS (Regions I and Il, forward biased) 


I Region of permissible d.c. operation 
0 Permissible extension for repetitive pulsed operation 


504 Repetitive pulsed operation in this region is allowable, provided Vorz 1.5V 
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anN=> 
3 
a 


mn -CO°o 


second 
breakdown 
{d.c.) 


wn=209999 


oo 


Ne 


SAFE OPERATING AREAS (Regions I and H, forward biased) 


I Region of permissible d.c. operation 
0 Permissible extension for repetitive pulsed operation 
In Repetitive pulsed operation in this region is allowable, provided Vag??- 5V 
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BDY90 
BDY9! 
BDY92 


HIGH-POWER TRANSISTORS 


N-P-N SILICON 


10% 


tp (ms) 


10° 


= 
= 


10 


107 


ot LEI TET 
107 
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D2354 


J; (°C) 


100 
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‘N-P-N SILICON 


HIGH-POWER TRANSISTORS 


075 02357 
Tj=25°C 
Vee (sat) zc =10 Vee (sat) 
(Vv) 1 8 
+ 
0.5 | 
Ca 
UT 
+. 4 
0.25 
ah tt tit —+ 
{tit iI 
0 
107" 1 Ic (A) 10 
15 02359 
Tj =25°C 
VBE (sat) + tc 49 Veetsat) 
(Vv) Ip (v) 
1 | —|—~~-+—+. 
+ i++ 
typ 
ft 
05 14 
} 
++) 
Hy 41 
0 
10°! 1 Tc (A) 10 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
BDY93 BDY94 
Vorsm max. 750 750 
VoExm max. CVar =1.5V) 750 750 
v CEO max 350 300 
I C max. 3.0 
Iom max. 6.0 
-lom max. 3.0 
I max. 2.0 
Iam max. 2.0 
-I, (AV) max. atin : i ene over i 
Ibm max. (peak reverse value, turn-off current) 1.5 
Prop max. Tiny = 50°C) 30 
Temperature : 
T stg -65 to +125 
tT max. 125 _ 
THERMAL CHARACTERISTICS 
Rtn q-mb) 2.5 
*th¢mb-h) Codie aie aeons 0.75 
Ra (mb-h) (with lead washer 56214 only) 0.5 
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N-P-N SILICON | BDY93 
HIGH VOLTAGE POWER TRANSISTORS BDY94 


BDY95 


ELECTRICAL CHARACTERISTICS (T; = 25°C unless otherwise stated) 
Min. Typ. Max. 


“I CES *Collector cut-off current 
; Vorsm ~ Max: Var? - - 0.5 mA 
= = = to) = = 
Vorsm max., Var 0, Tb 125°C 2.0 mA 
TpRO ais cut-off Soe s 
co Vep@6- V - - 5. mA 
VoKo(eust) Collector-emitter sustaining voltage 
I3=9, 1,=100mA, L=25mH BDY93 350 - - vV 
BDY94 300 - - Vv 
BDY95 250 - - v 


oscilloscope 


. i) 
min Vceoisust)! 
i) 


vert. 


Veeo (V) 
Oscilloscope display for Voeoisust) 
04039 


Test circuit for Voeqisust) ~ DL038 


Vor (sat) Collector-emitter saturation voltage 
I,=1.0A, L,=0.1A - - 1.0 Vv 
Cc B 
1,72.5A, Ip=0.5A ~ - 1.5 Vv 
Var (sat) Base-emitter saturation voltage 
1,=2.5A, 1, =0.5A ~ - 1.5 v 
Cc B 
hog Static forward current transfer ratio 
1,=3.0A, Voz =5.0V 5 - - 
1,=1.0A, Vop=5 OV BDY93 15 = 60 
BDY94 25 - 80 
BDY95 25 - 80 


*Measured with a half sine wave voliage(curve tracer) 
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Switching characteristics 


Test circuit 


ELECTRICAL CHARACTERISTICS (contd) 


fp Transition frequency 
170.24, Vor= lov, f=1.0MHz - 8.0 - MHz 
Coe Collector capacitance 
I,1,79, Vope OV, f=1.0MHz - 85 - pF 
Cre Emitter capacitance 
I,=I_ =0, V_,=2.0V, f=1.0MHz - 1.4 - nF 
C ec EB 


1, 72-54, Ipion)= “Tprofty 7 9-5As Vg = 125V 
ton Turn-on time - 0.25 0.5 us 
ty Storage time BDY93 - 2.0'° 3.0 ps 
BDY94, 95 - 2.0 3.5 us 
ty Fall time BDY93 - 0.4 0.6 ps 
BDY94, 95 - 0.5 1.0 BS 
ty Fall time at T= 95°C BDY93 - - 1.2 us 
BDY94, 95 - - 2.0 ps 
Oto +6 Veo ®425V 
9 - 5 
igf -_ input 
waveform 
apr 50n a 
ee acane tp ae Fr 
Transistor 
under test 
Vo 
0 ye wv) 4 | 90% 
tz 20ys waveform 


Prony 
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N-P-N SILICON 
HIGH VOLTAGE POWER TRANSISTORS 


i 


Bi 

B 

Cot too 

LIE TTT 
r 

i ea 
7 5 

1 oy 7 10 10° 


SAFE OPERATING AREAS (REGIONS I, II, AND III FORWARD BIASED) 
I Region of permissible d.c. operation 


II Permissible extension for repetitive pulse operation. 


BDY93 
BDY94 
BDY95 


lr Area of permissible operation during turn-on in single- transistor converters, 


provided to = 0.6us and Reger = 1002. 


IV _ Repetitive pulse operation in this region is allowable, provided 


< 
ty = 2ms. 
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ui 


SAFE OPERATION AREAS (REGIONS I AND II FORWARD BIASED) 
I Region of permissible d.c. operation 
Il Permissible extension for repetitive pulse operation 


Ill Repetitive pulse operation in this region is allowable, provided Var =0 and 
‘ =2ms. 
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N-P-N SILICON BDY93 
HIGH VOLTAGE POWER TRANSISTORS BDY94 


D4044 
4 


aN 
FHA oh 


ih daracalh IN 


$7 


103 Vo¢lv)® 


SAFE OPERATING AREAS (REGIONS I AND II FORWARD BIASED) 
I Region of permissible d.c. operation 
Il Permissible extension for repetitive pulse operation 


III Repetitive pulse operation in this region is allowabie, provided Var = 0 and 
te =2ms. 
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BDY93 
BDY94 
BDY95 


HIGH VOLTAGE POWER TRANSISTORS 


N-P-N SILICON 
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N-P-N SILICON 
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HIGH VOLTAGE POWER TRANSISTORS 
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N-P-N SILICON _ | BDY93 
HIGH VOLTAGE POWER TRANSISTORS BDY94 
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N-P-N SILICON BDY96 
HIGH VOLTAGE POWER TRANSISTORS BDY97. 


High voltage n-p-n power transistors ina TO-3 envelope, intended for use in converters, 
inverters, switching regulators and motor control systems. 


QUICK REFERENCE DATA 


Collector -emitter voltage (Ver = 0) Vorsm 


Collector -emitter voltage (open base) 
Collector current (d.c.) 
Collector current (peak value) 


Total power dissipation up to 
Tmpb = 65 °C 
Collector -emitter saturation voltage 
To =5 A; lg =1A 
Fall] time 
Io =5SA; 1p1 = -Ip2 =1A; Voc= 250 V 


MECHANICAL DATA Dimensions in mm 
TO-3 


Collector connected to case 


72006721 


Accessories available: 56201A (insulating bush), 56201B (mica washer), 
56214 (lead washer). 
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RATINGS Limiting values in accordance with the Absolute Maximum System 


Voltage 


Collector -emitter voltage (Vgp = 0) 
peak value 


Collector -emitter voltage (open base) 


Current 


Collector current (d.c.) 


Collector current (peak value; to< 1 ms) 


Base current (d.c.) 


Base current (peak value; tp <1 ms) 


Reverse base current (d.c. or average 


over any 20 ms period) 


Reverse base current(peak value) 4 


Power dissipation 
Total power dissipation up to 
Tb = 65 °C 


Temperature 
Storage temperature 


Junction temperature i 


THERMAL RESISTANCE 
From junction to mounting base 


From mounting base to heatsink: 
with mica washer and lead washer 


with lead washer only 


1) Turn-off current 


-1 


Mullard 


VCESM Max. 
Vcro max. 
Ig max, 
Icom max. 
I, max. 
IgM max. 
1, AV) max. 
BM max. 
Peot max, 
T stg 
Tj max. 
Rth j-mb 
Rthmb-h 
Rthmb-h = 


100 


40 


-65 to+125 


125 


1,5 


0,75 
0,5 


°C/W 


°C/W 
°C/W 


BDY96 - Page 2 


eet 


+: 


N-P-N SILICON |  BDY96 


HIGH VOLTAGE POWER TRANSISTORS BDY97 
BDY98 
CHARACTERISTICS T; = 25 °C unless otherwise specified 


J 


Collector cut-off current 1 


Vag = 600 V; Vpp = 0 Ions < 
Vok = 750 V; Vpp = 0 IcEs < 
Vog = 600 V; Vpg = 0; Tj = 125 °C logs < 
Vor = 750 V; Vgp = 0; T; = 125 °C logs < 


Emitter cut-off current 


Iq = 0; Veg =6V I < 5 5 5 mA 


D.C. current gain 
Ig = 2A; Vop=5V ER 15 to 60] 25 to 80/25 to 80 


Saturation voltage 


IG=SA;Ip=lA VoRsat < 1 1,5 15 Vv 
VpEsat < 14] 14 |1,4 Vv 
Ig = 10 A; Ip =3.3A Vegsat < 3 5 5 Vv 
VeEsat < 2 2/ 2 

Collector -emitter sustaining voltage 
Ig = 100 mA; Ip =0; L=25 mH - Vorosust > 350 | 300 {250 V 


oscilloscope 


min V ' 
NVCEO sust ' | ca vert. 
! 


Voeo (V) 30-60Hz 
7262340 


7262283 


Oscilloscope display for VcEOsust Test circuit for Vorosust 


1) Measured with a half sine wave voltage (curve tracer), 
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CHARACTERISTICS (continued) Tj = 25 °C unless otherwise specified 


Transition frequency at f = 1 MHz 


Io = 0,2 A; Vop = 10V fr typ. MHz 
Switching times 

Ig =5 As Ip, = -Ipg = LA. Vec = 250 V 

Turn-on time ton: ie . 
Turn -off storage time ts ue a 
Tura-off fall time te. SOF: - 
Turn -off fall time, Typ = 95 °C tf < us 

+25V 0 
O+Voc=250V 


7262612.) 


Test circuit 


Waveform ton ts 7z62611.1 
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N-P-N SILICON | | BDY96 
HIGH VOLTAGE POWER TRANSISTORS 


a 


AN 
FPtot max TINCT 
IEXN (Patil 


te eae bse 


CHC 

Aue | 

10-3 Pa ne 
102 


103 Vog (V) 104 


Safe Operating Area with the transistor forward biased (region I + I1) 


I Region of permissible d.c. operation . ; 
II Permissible extension for repetitive pulse operation | 
III Repetitive pulse operation in this region is allowable 

Provided Vpp = 0 and ths 2ms 


ly Independent of temperature 
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7267001 


Pe Ea 
(oa=por tl 


uN 


oO 
ThONN 
. 


10 


2 103 VcR (V) 104 


Sate Operating Area with the transistor forward biased (region 1+) 
I Region of permissible d.c. operation 

Tl Permissible extension for repetitive pulse operation 

il Repetitive puls¢ operation in this region is allowable 


provided Vpp * 8 and ty = 2ams 


1 Independent of temperature 
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N-P-N SILICON BDY96 
HIGH VOLTAGE POWER TRANSISTORS BDY97 


| TIM TTT 


Aen 


| 


pI 

_H 
Let 
| ee 


1071 


1072 


103 VcE (Vv) 104 


Safe Operating Area with the transistor forward biased (region 1+ MN) 
I Region of permissible d.c. operation 
Il Permissible extension for repetitive pulse operation 


III Repetitive pulse operation in this region is allowable 
provided Vpr = 0 and sy s2ms 


5) Independent of temperature 
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150 


7267007 


Tmb (°C) 


100 


50 


100 


(%) 


10° 


tp(ms) 


10° 
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N-P-N SILICON BDY96 
HIGH VOLTAGE POWER TRANSISTORS BDY97 
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N-P-N SILICON 
HIGH VOLTAGE POWER TRANSISTORS 
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typ. values 


Y { { | BDY98 
ee 
ER RRaSeEe 


Yj} | oppy97 
[ |—=--max. values} | 


Ip(A) 4 


2 


Petree - 
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-H.F. SILICON PLANAR 
-P-N TRANSISTOR 


U 
N 


BF180 


U.H.F. n-p-n silicon planar transistor with forward gain control charac- 
teristics, intended for useinther.f. amplifier stage of television integrated 
tuners. TO-72 construction with the shield connected to envelope. 


P., max, (T_, =25°C) 
am 


tot b 
Max. unilateralised power gain typ. 
f=200MHz 
£=900MHz 
Noise figure typ. 


f=200MHz, y. =optimum 


f=800MHz, y= optimum 


OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-12A/SB4-3 
J.E.D.E.C. TO-72 


eae 


Millimetres 
B Min. Nom. 
A - 
B - 
c c = 
D 0.43 
E 1.0 
F 1.05 
; =" G 2.54 
; 2 H 5.55 
Viewed froin underside 
Connections 1. Emitter 3. Collector 
2. Base 4, Shield connected to envelope 
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QUICK REFERENCE DATA 


30 
20 
150 


24 
12 


2.5 


5.8 


BF 180 Page D1 


RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vana Pe* 


Voro max. 


VeBo max. 


T_, max. 
Cc 


Io max. 


eee?) 
Prot max. (amb 2” C) 


Temperature 


T. max. 
J 


THERMAL CHARACTERISTIC 


9, -amb 


ELECTRICAL CHARACTERISTICS (Tamm 25 ©) 


I, Base current 
-1,,=2.0mA, Vop™ 10V 
41° 12mA, Voge? OV 

Veep Emitter -base voltage 


1,,=2.0mA, Von™ 10V 


=O Feedback capacitance 
I_=1l. = : 
ou loma, Vog 7 10V 
f=10.7MHz 

fp Transition frequency 
I_=2, = 
c 2.0mA, Vor 10V 


Mullard 


Typ. 


0.280 


675 


30 Vv 
20 Vv 
3.0 Vv 
20 mA 
20 mA 
150 mW 
-65 °o 
175 °c 
175 °C 
1.0degC/mW 

Max. 
150 pA 
2.2 mA 


- MHz 
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U.H.F. SILICON PLANAR | 4 
N-P-N TRANSISTOR BFI80 : 


Min. Typ. Max. 


F *Noise figure 
1, =2.0mA, V 


B_=0 
s 


cp OV, 


f£=200MHz, G, =40mmho - 4.5 = dB 


f£=800MHz, G. =10mmho - 7.0 9.5 dB ; 
*Stage gain 

“1,,=2.0mA, Vop7 lov, 

f=200MHz, G. =40mmho 

Bl=9, G, =1.0mmho, 

B, =tuned - 16.5 - dB 
f£=900MHz, G, =20mmho 

B. =0, G =2.0mmho, 


B, =tuned 7.5 9.0 z dB 


Stage gain control range 
See graphs on page C4 


Son *Max. unilateralised power gain 


2 

G 10] Peo| 
= og ———- 
uM Fin Fob 

1,=2.0mA, Vop™ 10V 

f=50MHz 32 - - dB 

f= 200MHz = 24 ee dB 

£=500MHz — - + 44 - dB 

f=900MHz - 12 = dB 
*All measurements taken in common base configuration with the metal 

envelope connected directly to earth and with the external lead length=1mm. 
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SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
a the circuit, but heat conducted to the junction should if possible be kept 
= to a minimum by the use of a thermal shunt. 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceedthe maximum storage temperature. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal. 

4. If devices are stored above 100°C before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 


make soldering into the circuit difficult .Under these circumstances the 
leads should be retinned using a suitable activated flux. 
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U.H.F. SILICON PLANAR 
N-P-N TRANSISTOR BF180 


mh BFISO B6202 i 
(mmho) 7 Sib 
- Dib 
(mmho)|5 Ven = lov 
ce ~Ig =20mA 
SPE lead length =!-Omm 
; Sib can earthed 
4 
10 
7 Dip 


3__5 7 325 57 eS J 
to 100 1000 t (MHz) 


ite) 100 1000 f (MHz) 
TYPICAL INPUT AND OUTPUT Y-PARAMETERS PLOTTED AGAINST 4 
FREQUENCY : 
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lead length=|Omm 
can earthed 


SAS CAD ES a RARE CCL OOO ORE FC 
-—+—F +f 
ae 


Yep tOv 
-Ig=20mA 
lead length= 10mm 


10 100 1000 f (MHz) 


TYPICAL TRANSFER AND FEEDBACK Y-PARAMETERS PLOTTED 
AGAINST FREQUENCY 
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U.H.F. SILICON PLANAR 
N-P-N TRANSISTOR 


Stage gain (dB) 


H BFI80 HH ' 4 
9 cH ba rt 
4 { 
Tr I a 
mai HH i. Vsupply =12V L4. pit 
Parsee iRe+Rc =3900 te 
lead length=|!Omm 
7 Bs =0 
BL =tuned for =F 
mt Ty [- maximum gain aeaee 
if Tamb= 25°C 
H HEH Tambr28% : 
-20 i L | | 
T ime iZ C ete Corry 
EEEEEEEEEHEH : Pe pee Peer ere 
Leer { Ht Coo 
rt TI 
or Ht ; EEC 
z ims i { Pee aes - 
| EEC SE 
- 30-1 Pt ‘ 
cr (20g on apes T : 
is a > f =900MHz {1 tot 
a8 
-40 
c | 
HH i: 
i" | iam te a 
- 50 or 
LH BEE EHEC 
Oooo | CCL 
= t Gs 6L 
IT} |(MHz) | (mmho) | (mmho) 
~BOET i> 50 40 : 
200 40 se x E 
[| | $00 10 CeCe ee eee 
kj | 900 See Het Pee tHe : as 
H | i- CHEECH ! 
Ch coe : Corer} 
oO 50 10 iS 20 -IE(mMmA) 


CONTROL CHARACTERISTICS-STAGE GAIN PLOTTED AGAINST 
EMITTER CURRENT WITH FREQUENCY AS A PARAMETER 
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U.H.F. SILICON PLANAR 
N-P-N TRANSISTOR BFI8I 


U.H.F. silicon planar n-p-n transistor intended for use as a self-oscillating 
mixer or mixer in television integrated tuners. TO-72 construction with 
shield connected to envelope. 


QUICK REFERENCE DATA 


I max. 


at 6) 
max. (I =25'C) 


Cc 


P 
tot 
Max. unilateralised power gain typ. 


f= 900MHz 
Noise figure typ. 
£=900MHz, Ys =optimum 
f, ‘: 
p bYP 


OUTLINE AND DIMENSIONS 


Conforms to B.S. 3934 SO-12A/SB4-3 
J.E.D.E.C. TO-72 


aan Millimetres 

ff Min. Nom. Max. 
A - - 4.8 
B - = 5.3 
Cc 12.7 - = 
D - 0.43 = 
E - 1.0 7 
F - 1.05 - 
G - 2.54 7 
H 5.3 5.55 5.8 

Viewed from underside 
Connections 1. Emitter 3. Collector 
2. Base 4, Shield connected to envelope 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
v max, 
Vv max, 
Vv max, 


EBO 


I . 
cm 


I . 
cM max 


a oO 
Bag =25 C) 


max. (T, inb 


Temperature 


iy min. 


a max. 


THERMAL CHARACTERISTIC 


if -amb 
ELECTRICAL CHARACTERISTICS (T, _, =25°C) 
Typ. 
'B ms = nae V_..=10V 10 
aE ee es 
EB eos sere es 10¥ 0.75 
Bm OB : 
re Tas gv 
Gm eRe 
f=10.7MHz 0.280 
‘T nieerireay arian 600 
Cc ° > "CE 


Mullard 


30 Vv 
20 Vv 
3.0 Vv 
20 mA 
20 mA 
150 mW 
65 6 
175 °C 
175 we 
1.0degC/mW 

Max. 

150 uA 
2 Vv 
= pF 
- MHz 
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U.H.F. SILICON PLANAR 
N-P-N TRANSISTOR 


BFISI 


Typ. Max. 
*Small signal y-parameters 
I_=2. = f= 
I, 2.0mA, Vop 10V, 35MHz 
Bob Output conductance - 10 pmho 
Cob Output capacitance 0.9 - pF 
Som *Maximum unilateralised power gain 
2 
_ Yel Typ 
Som =10 log 5 * ‘ 
Bin vob 
-1.=2.0 =10V, f= 13.5 d 
7 2.0mA, Voz Vv 500MHz 3.5 B 
T,=2.0mA, Vop lV: f=900MHz 11 dB 
*Stage gain 
-I..=2. =10 = 
Tp 2.0mA, Vop V, £=900MHz 
G_=20mmho, B =0, 
s s 
G) =2.0mmho, B, =tuned 8.0 dB 


*All measurements taken in common base configuration with the metal 
envelope connected directly to earth and with the external lead Jength=1mm. 


SOLDERING AND WIRING RECOMMENDATIONS 


1. When using a soldering iron, transistors may be soldered directly into 
the circuit, but heat conducted to the junction should if possible be kept 
to a minimum by the use of a thermal shunt, 


2. Transistors may be dip-soldered at a solder temperature of 245°C for 
a maximum soldering time of 5 seconds. The case temperature during 
soldering must not at any time exceed the maximum storage temperature. 


3. Care should be taken not to bend the leads nearer than 1.5mm from the 
seal, 


4. If devices are stored above 100°C before incorporation into equipment, 
some deterioration of the external surface is likely to occur which may 
make soldering into the circuit difficult. Under these circumstances the 
leads should be retinned using a suitable activated flux. 
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. SILICON PLANAR BFI8iI 


U.H.F 
N-P-N TRANSISTOR 
Sib FH H BFI8I 
(mmho) |! 
-b Ty 
(mraBo) | i 
I 
lead length =!-Omm 7-0 
| can earthed 
25 i+ 
30 ttt 
HH , sitios 
rrr EET 
1 ceot = 50 
Ht t f 1 Pipi 
sd 1 =ib 
i | Esp aL 
EH Ht f PT 3.0 
ai | | Jib |_| 
10 i - 
500 600 700 800 f (MHz) ; 
EEE , 
. SCC 
an 
Veg =!0V 
-Igp =20mA Baeee| 
lead jength=l-Omm ++ 
7 can ‘aguaae ion 
Cry a 
i Pert yy 
l z [ 1 t 


700 800 f (MHz) 


TYPICAL INPUT AND OUTPUT Y-PARAMETERS PLOTTED AGAINST ; ; 
FREQUENCY 
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Yr pl H T erie TH pe206 
(mmo) || 2 tb § tr 
CL L 1 EES I | 
Or» HH Vep =!0V _ 
(deg) 4 “CEN [tT] -Ie =20mA C 
ime im lead length =Omm 
cr tt Cl can earthed it 
col SETH 4 + : 4 
Ft 1 el 
| | Ht cote 
40h +— +t To tit + ct 
OV tol i. : Cort 
++. TT im im} 
wll CECtt 1 
500 600 700 800 f (MHz) 
rol { Ty Coot Ty 
(ramho)- i. 3 Neel | 
Srp neseene * aan oo 
(deg) im rl Seles HHH 
HEErazane! acesezetaesarstaied 
| H C 7 me Bil im | ! a ta 4 
ae HEE ttt meesees 
- | t 1 
s00H 4 PEGE ee ian 
t ot {-Te =2:0mA 7 
L iz []tead length=lOmm/. 11 
CT jean earthed Ao 
; an i T A ed | 
i oa ed Bb le 
H ime i TT 
4oolt . : if agi f +44 
; Besgeceecesseereecues 
: ; rt Cee ae 
f eT crt Dro 
Gh es i ryt : ey 
200CTt Lor Each a PT A HHH Py 
500 600 700 800 f (MHz) 


TYPICAL TRANSFER AND FEEDBACK Y-PARAMETERS PLOTTED 
AGAINST FREQUENCY 
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| U.H.F. SILICON PLANAR . 
N-P-N TRANSISTOR BFI8I 


cdoy FEE ores PEEPS eeeoe] 
L ITT [ Toy [ A 
= +t TCCCLO Vep=!0Vv Hit EHH HH . 
[- HH Ht -Ig =2:0mMA T 4 C a : 
cl He Cort GL =!Ommho euees 7 im E + 4 
we [tT ead length =!-Omm t 4 
EE ice 4 can earthed T 4 f 7 1 
ort cH EEE te oh Pee tt} 4 
BREE EE Een cele oH ma : zt 
a SEE t+ H PCE 
aa a CI i an 
5-044 man 
H It j optimum Ys HH +H tH iE 
Cok ++ (mmho) epee tee tet +t 
titi | 
ql im 22+j5 4 
PoE e rt HHH 800 | 174j15 HHH ioe 
3-ott t+} EF + rH 
500 600 700 800 f (MHz) 


TYPICAL NOISE FIGURE AT OPTIMUM SOURCE ADMITTAN CE 
PLOTTED AGAINST FREQUENCY 


(5 PEE ete Saige pina liga cds etic ee at at 
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SILICON PLANAR EPITAXIAL | 
N-P-N TRANSISTOR BFI94 


N-P-N transistor in plastic encapsulation. with three rigid self-locking 
strips suitable for insertion into printed circuit boards using standard grids. 
The transistor is recommended for use in the i.f. amplifier stages of car 
radios and a.m./f.m. receivers, also for use in the sound i.f. stages of 
television receivers. 


QUICK REFERENCE DATA 


VoRo max. 30 Vv 
2 
Voro max, 20 Vv 
IQ max, 30 mA 
P max 220 mW 
tot 5 
x max. 125 Cc 
h 7 =1, . = 5 
FE typ dy 1.0mA Vor 10V) 115 
fn typ. @,=1.0mA, Vor 10V) 260 MHz 
N typ. €,=1.0mA, Vor lV, 


g,,~20mmho, f=100MHz) 4.0 dB 
N, typ. @,=1.0mA, V_,,=10V, 
7 10mmho, f=1.0MHz) 


OUTLINE AND DIMENSIONS 


For details see page 4' 


Front View 
Scale 3:1 


05542 


N.B. Devices in this Data Sheet should be ordered by the type number 
followed by Reference 0220. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Vopo max. Cp =0) 


: =0, see curve on page 7 
Voro ma a,*0 cl page 7) 


Viepo MX: IQ=9) 


max. 
Iu ax 


low max. 


° 
<= 
Prot max. (T mb =25 C) 

Temperature 
T in. 
cue min 


T max. 
stg 


a, max, 


THERMAL CHARACTERISTIC 


30 Vv 
20 | Vv 
5.0 Vv 
30 mA 
30 mA 
220 mW 
65 °c 
125 ° 
125 2 


0.45 degC/mW 


Typ. Max. 


- 740 mV 


8.7 15 BA 


0.95 aa pF 


Rin(j-amb) 
ELECTRICAL CHARACTERISTICS (Tamp 725 € unless otherwise stated) 
Min, 
Var Base-emitter voltage (see note 1) 
1,=1.0mA, Vop7 OV 650 
I, Base current te 
1,=1.0mA, Vop 7 10V 4.5 
“C_. Feedback capacitance 
1,=1.0mA, Vag lV, 
£=0.45MHz - 
fn Transition frequency 


1,=1.0mA, Vopr 10V = 


NOTE 


260 MHz 


1. Var decreased by approximately 1.7mV/degC with increasing tem- 


perature. 


SOLDERING NOTE 


For soldering irons or for dip-soldering, the iron temperature or solder 
temperature may rise to 300°C for a maximum of three seconds, with the 
transistor lock-fitted on printed boards in either of the possible mounting 


positions. 
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SILICON PLANAR EPITAXIAL BFI94 


N-P-N TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


Min. Typ. Max. 
N Noise figure 
1,=1.0mA, Vogl 
8, =2.0mmho, f=0.2MHz - 1.5 - dB 
8,7 1.5mmho, f=1.0MHz - 1.2 - dB 
g,—10mmho, f=100MHz - 4.0 - dB 
N, neck an ie sea 
(iin CE 
g, =0.6mmho, f=0.2MHz - 3.0 - dB 
§,—1.2mmho, f£=1.0MHz - 2.0 - dB 
Typical y-parameters 
Common base 
Im 1.0mA, Vor =10V, f=100MHz, lead length=3.0mm 
oan Input conductance : 36 mmho 
by Input susceptance 3.0 mmho 
| Yep! Feedback admittance 450 yumho 
By Phase angle of 
feedback admittance 272 deg 
tp | Transfer admittance 33 mmho 
6 Phase angle of 
transfer admittance 146 deg 
Sob Output conductance 22 pymho 
boy Output susceptance Led mmho 
Common emitter 
I, =1.0mA, Vor™ 10V, lead length=3.0mm 
f= 10.7 0.45 MHz 
ie Input conductance <0.64 <0.54 mmho 
Boe Output conductance <13.5 <11.5  pymho 
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OUTLINE AND DIMENSIONS 


35 DS845 


Connections 

1. Base 

2. Emitter 
0.7 3. Collector 
i 


Mounting details 
Maximum thickness of 
printed board * 1.7mm 


Recommended hole 
diameter * 1.0 to 1.4mm 
(1.0 to 1.3mm allowable) 


a 
es 
o- 


2@=——5 B 
Maximum thickness of 
printed board * 1.1mm 


a= 2.49 to 2.59mm Hole diameter ™ 0.77 to 0.83mm 


b#® 5.03 to 5.13mm 
0S546 


See also General Explanatory Notes Section IV. 
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SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTOR 


Ip (pA) 


100 


ite) 


1-0 


25°C 


TRANSFER CHARACTERISTICS, T 


MUTUAL CHARACTERISTICS, T.=25°C 


J 


BF194 Page 5 


Mullard 


~ ite] 
E ee 
E e é 
oo x 
(e) et 
e) & 
ay ina) 
g 
BS 9° B 
‘ 3 
ve Bes 
z  z : 
: a 
3) go 
z ; se] 
o 6S wd 
: - £6 © 
rane a 
E aie Pj 
< ae 
3 (US 
oO ao 
HH eu 
= tn 
jem = 2 
& - Bg 
5 B gs 
F {e) 
3 B 
E < 
: : 
: 2 
ro) 3 
6 
> 
oe 


BF194 


4 
24} 4Oy SBliddD 2@AuND awios out 


SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTOR 


BF194 Page 7 


Mullard 


~EMITTER VOLTAGE PLOTTED AGAINST 


EXTERNAL BASE RESISTANCE 


MAXIMUM COLLECTOR 


(ZHW)3 


OoL 


OL 


\ 


Wee Gee 


Ce RLS Se OT ES ESTO A DE EG DE, 


TYPICAL SOURCE CONDUCTANCE AND SOURCE SUSCEPTANCE 
PLOTTED AGAINST FREQUENCY AT OPTIMUM SOURCE ADMITTANCE 


TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY AT 


OPTIMUM SOURCE CONDUCTANCE 
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SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTOR 
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TYPICAL COMMON EMITTER INPUT ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS 
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TYPICAL COMMON EMITTER TRANSFER ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR 


BFI94 
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TYPICAL COMMON EMITTER OUTPUT ADMITTANCE WITH 
COLLECTOR CURRENT AND FREQUENCY AS PARAMETERS 
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SILICON PLANAR EPITAXIAL 
N-P-N TRANSISTOR BFI95 


N-P-N low noise transistor in plastic encapsulation with three rigid 
1 self-locking strips suitable for insertion into printed circuit boards using 
standard grids. The transistor is recommended for use in the input stages 
| of a.m./f.m. receivers, also for use in mixer and i.f. stages of a.m. 
battery operated receivers. 


QUICK REFERENCE DATA | 


CBO max. 30 Vv 
Voro max. 20 Vv 
Io max, 30 mA 
P| max, 220 mW 
tot é 
7 max, 125 c 
hor typ. @,=1.0mA, Vag 7 lV) 67 
fp typ. (@,=1.0mA, Voz =10V) 200 MHz 
N typ. Q,=1.0mA, Vor lV, 
g,=20mmho, f=1.0MHz) 3.5 dB 
G,=1.0mA, Vop 7 1OV, 


a7 10mmho, f=100MHz) 


OUTLINE AND DIMENSIONS 


For details see page 4 


Front View 
Scale 3:1 


05542 


N.B. Devices in this Data Sheet should be ordered by the type number 
followed by Reference 0220. 


Mullard ——satan 


JUNE 1973 


= RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
VoBo max. @,, =9) 30 Vv 
VoEro max. G79: see curve on page 7) 20 Vv 
VeRO max. €,=9) 5.0 Vv 
a max. ; 30 mA 
I cM max. : 30 mA 
Prot max. (Twa =25 °C) 220 mW 
Temperature 
min. ~65 °c 
stg - 
T max. 125 Cc 
stg r 
a max. 125 Cc 


THERMAL CHARACTERISTIC 


Ry (j-amb) 0.45 degC/mW 


ELECTRICAL CHARACTERISTICS (Tab 722 © unless otherwise stated) 
Min. Typ. Max. 


a rec i a 
c * “CE 

'B see are =10V 8.0 15 28 WA 
c * “CE . 

P =e Feedback capacitance 

1,=1.0mA, Vog 10V; 
f=0.45MHz - 0.95 = pF 

B : aay n= 100 - 200 - MHz 
Co > "CE 

NOTE 
1. VgRe decreased by approximately 1.7mV/degC with increasing tem- 
perature. 


a 


SOLDERING NOTE 


For soldering irons or for dip-soldering, the iron temperature or solder 
temperature may rise to 300°C for a maximum of three seconds, with the 
transistor lock-fitted on printed boards in either of the possible mounting 
positions. 
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SILICON PLANAR EPITAXIAL BFI95 
N-P-N TRANSISTOR 


ELECTRICAL CHARACTERISTICS (cont'd) 


Min, Typ. Max, ; 
N . Noise figure q 
1,=1.0mA, Vag lV, 
%,—20mmho, f=1.0MHz - 3.5 - dB 
8, —10mmho, f=100MHz 2 4.0 - dB 
N, oa ee ee 
Ce * “CE 3 
8, =1.2mmho, f=0.2MHz - 4.0 - dB 
g,~1-5mmho, f=1.0MHz - 2.5 - dB 


Typical y-parameters 
Common base 


1,=1.0mA, Vog lV, f=100MHz, lead length=3.0mm 


( 

i 

: . 

Bip Input conductance 38 mmho ; 


be Input susceptance 1.0 mmho j 
vp] Feedback admittance 440 umho 
84, Phase angle of 

feedback admittance 275 deg 
pp| Transfer admittance 34 mmho ; 

Be Phase angle of : 

transfer admittance 140 deg ; 

Bop Output conductance 12 wmho a 
Dp Output susceptance Lei. mmho 
Common emitter 
TQ 71.0mA, V_,,,=10V, lead length=3.0mm : 

f= 10.7 0.45 MHz 
ie Input conductance <0.96 <0.86 mmho 
g Output conductance <9.5 <7.0  umho 


oe 
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OUTLINE AND DIMENSIONS 


Connections 
1. Base 
0.7 2. Emitter 
1 3. Collector 
r ; 


Mounting details 


35 : DS545 


Maximum thickness of 
printed board = 1.7mm 


Recommended hole 
diameter # 1.0 to 1.1mm 
(1.0 to 1.3mm allowable) 


printed board * 1.1mm 
a™2.49 to 2.59mm Hole diameter * 0.77 to 0.83mm 


b™ 5.03 to 5.13mm 


A 
B 
Maximum thickness of 
oS5456 


See also General Explanatory Notes Section IV. 
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MUTUAL CHARACTERISTICS, T, =25°C 
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(ma) BFI95 B7054 
Tj =25°C 
30 500pA — 
400pA 
300pA 
20 
200A! 
L ISOpA 
2 100 pA 
T 
Ip =SOWA 
fe) 
0 o-5 1-0 oS 2-0 25 Vee(V) 


TYPICAL OUTPUT CHARACTERISTICS. as =25°C 
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TYPICAL STATIC FORWARD CURRENT TRANSFER RATIO PLOTTED 
AGAINST COLLECTOR CURRENT 
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LICON PLANAR EPITAXIAL 


N-P-N TRANSISTOR 
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EMITTER VOLTAGE PLOTTED A 
EXTERNAL BASE RESISTANCE 
Mullard 
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TYPICAL SOURCE CONDUCTANCE AND SOURCE SUSCEPTANCE 
PLOTTED AGAINST FREQUENCY AT OPTIMUM SOURCE ADMITTANCE 


TYPICAL NOISE FIGURE PLOTTED AGAINST FREQUENCY AT 


OPTIMUM SOURCE CONDUCTANCE 
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SILICON PLANAR EPITAXIAL 


N-P-N TRANSISTOR 
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TYPICAL COMMON EMITTER INPUT ADMITTANCE WITH COLLECTOR 


CURRENT AND FREQUENCY AS PARAMETERS 
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TYPICAL COMMON EMITTER TRANSFER ADMITTANCE WITH COLLECTOR 
CURRENT AND FREQUENCY AS PARAMETERS 
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SILICON PLANAR EPITAXIAL BFI95 


N-P-N TRANSISTOR 
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VcE=IOV 
Tamb=25°C 
lead length=3-Omm 
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TYPICAL COMMON EMITTER OUTPUT ADMITTANCE WITH 
COLLECTOR CURRENT AND FREQUENCY AS PARAMETERS 
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N-P-N SILICON 
PLANAR TRANSISTOR BF196 


N-P-N silicon planar transistor in plastic encapsulation with three rigid 
self-locking strips suitable for insertion into printed circuit boards using 
standard grids. The transistor has a very low feedback capacitance and is 
intended for use in the forward gain control stage of the television if. 
amplifiers. 


QUICK REFERENCE DATA 


Vezo max. 
Vero max. 
Ic max. 
Prot max. (Tamy = 25°C) 
Tj max. 
fr typ. (Ic = 4mA, Voce = 10V, f = 100MHz) 
-Cre typ. (lc = ImA, Vcg = 10V, f = 10-7MHz) 
Guo typ. (Ic = 4mA, Vcr = 10V) 
f = 35MHz : 
f = 45MHz 


Gain control range, typ. 


OUTLINE AND DIMENSIONS 


For details see page 4. 


Front View ; ae 
Scale 3:1 


N.B. Devices in this Data Sheet should be ordered by the type number followed by Reference 0220. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
, VcsBo max. 40 Vv 
Vcro max. (see also page 5) 30 Vv 
VeExBo max. 40 Viv 
Ic max. 25 mA 
Jom max, 25 mA 
Prot max. (Tamp = 25°C) 250 mW 
Temperature 
Tste -65to + 125 *C 
Tj max. 125 °C 
THERMAL CHARACTERISTIC 
Rtn(j-amp) in free air 0-4 degC/mW 
ELECTRICAL CHARACTERISTICS (Tamp = 25°C) 
Min. Typ. Max. 
In Base current at about 50 dB gain control 
Ic = 6:0mA, Vcr = 2:0V —_ — 270 LA 
Ic = 15mA, Vcr = S-0V — — 1:5 mA 
ly Base current 
Ic = 40mA, Vcz = 10V — 70 =150 uA 
Vie *Base-emitter voltage 
Ico = 4-0mA, Vcr = 10V — 750 840 mV 
-Cre Feedback capacitance : 
Ic = 1-OmA, Vcr = 10V, f = 10-7MHz — — 0-2 pF 
fy Transition frequency 
Ic = 4:0mA, Vcr = 10V, f = 1JOOMHz — 400 ~ MHz 
N__ Noise figure 
Ic = 4-0mA, Vcz = I0V, 
Gs = 10mmho, Bs = 0, f = 35MHz — 30 — dB 


*Vie decreases by about 1-7mV/degC with increasing temperature. 
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N-P-N SILICON 
PLANAR TRANSISTOR : BF196 


ELECTRICAL CHARACTERISTICS (continued) 


Typical y-parameters (common emitter) 
Ic = 40mA, Vcx = 10V (mounted as in the Mounting Details, !.) 


f = 35 == 45 MHz 
Bie Input conductance 3:2 4:8 mmho 
Cie Input capacitance 37 35 pF 
lyre] Feedback admittance 47 60. umho 
bre Phase angle of feedback admittance 268 268 deg 
ly rel Transfer admittance 105 100 mmho 
Ofer Phase angle of transfer admittance 340 340 deg 
Boe Output conductance 50 60 umho 
Cov Output capacitance 1-3 1-3 pF 
Grea Maximum unilateralised power gain 
. : = lyrel? 
Gem (in dB)-= 10 log cen 
Ico «= 40mA, Ver = 10V, 42 39 dB 
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OUTLINE AND DIMENSIONS 


05545 


Connections 
1. Base 


0.7 2. Emitter 
_ 3. Collector | 4 10.4 


Maximum thickness of 


A 
printed board = 1-7mm 
— b > Recommended hole diameter = 
| 1:0 to 1:1 mm 
-A- oar —Q+ (1-0 to 1:3 mm allowable) 


-—@-—+ B 


Maximum thickness of 
printed board = 1-1 mm 


a -= 2-49 to 259mm Hole diameter = 0-77 to 0-83 mm 
b = 5-03 to 5-!3mm 


05546 


See also General Explanatory Notes, Section 1V 
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N-P-N SILICON 
PLANAR TRANSISTOR Brie 


between base and emitter and Ic = 2 mA) versus the base resia- 
tance applied, 

The same curve applies tox 
itances are used. 
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N-P-N SILICON | 
PLANAR TRANSISTOR BF196 : 


10¢ 


base current 5 typical values 
I versus junctionf; 
B | temperature 


(vA) RA 


THN AAAiN i 


us 50 100 Tj (°C) 150 4 10 I¢ (mA) 100 


EQUIVALENT GAIN CONTROL TRANSISTOR 


When the BF196 is used in a gain controlled i.f. stage it is recommended 
to connect an optimum series base capacitor of 22pF and a bias resistor 
of 1kQ (see fig. 1) to minimise the variation of input admittance and output 
conductance with gain control. 


The gain control performance 
of the BFI96 is modified by ; 
these additional components “4 
and the combination is re- 4 
garded as an ‘equivalent trans- 
istor’ (See the curves on ; A 
pages 8 to 14) 
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Ee SESE TO Fe 


105 


5 distortion curves 
-Vpe725V f = 35 MHz 
Rg +Rc = 3.9 k2 Tamb = 25 °C 


ttt ii 


anna rH 
HTH RET 


AVANTALANAT TAAL 


thon In-band cross-modulation 
“VEE = 25 V; Rp +Re = 3.9 | Veg * 20V; Rp+Ro= 1M ft 


Tamb = 25 °C Tamb = 25°C 


L 1 
0 20 GOAGt BO 20 s«O 40 AG ¢-(dB)60 


The signal handling capability of the equivalent transistor as a function of 
gain control. 


te Mullard 


BF196 Page 8 


N-P-N SILICON 
PLANAR TRANSISTOR BF196 


Voltage control; -Ven = 25V; Re + Re = 3.9kQ; f = 35MHz 


0 
0 5 ® VcE(V) 15 0 5 Vce(v) 10 
Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 
to the transistor only). 
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Voltage control; -Vez = 25V; Re + Re = 3:9kQ; f = 35MHz 
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Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 
to the transistor only). 
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N-P-N SILICON 
PLANAR TRANSISTOR | | BF196 


Current control: -Vax = 20V; Re + Reo - 1kOQ: f — 35MHz 


0 BEEBE 
0 10) 20 I¢ (mA) 30 0 ®. Ic (mA) 20 
Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 


to the transistor only). 
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Current control; -Vez = 20V; Re + Rc = 1kQ; f = 35MHz 


Ty T 
++ 
Cc] 


10 20 I¢ (mA)30 % 0 Ic (mA) 20 


Typical y-parameters of the equivalent gain control transistor, including 
base capacitor and base resistor as shown on page 7 (dashed curves apply 
to the transistor only). 
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N-P-N. SILICON 


PLANAR TRANSISTOR 


APPLICATION INFORMATION 


First stage of an i.f. amplifier 


BF196 


Basic circuit with voltage gain control: Re + Rc = 3-9kQ;-Vex = 25V 
current gain control: Re + Re = 1kQ; -Ver = 20V 


CSS 4 3pF 


Gtr Transducer gain Typ. 
Io = 4mA, -Vgeze = 25V, Re + Ro = 3-9kQ, 
f = 36-4MHz 25°5 


output power in load Ry 


Gtr (in dB) = 10log available power from source Rs 


_AGir Gain control range 60 


(see also the upper curves, page 14) 
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Voltage gain control Current gain control 


(In the circuit given on page 13) (In the circuit given on page 13) 
Tamb=25°C 
20 
AGtr 
(dB) 
0 
Bf 
-20 z= 
Lt ttt tt 
-40 sstiss i 
+ Ht - 
= serezseserenie 
-60 Tre: : yy) seuneeueesseeee 
30 Veg(V) 20 . 10 0 0 10 20 I¢ (mA)30 


Curves of constant gain reduction 
(in the circuit given on page 13) 


q typical values 
f= 36.4MH2 
Tamb= 25°C 


| 
EH 
Saaes 
H 
Basena 


Vce (V) 
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N-P-N SILICON 
PLANAR TRANSISTOR 


BF197__ 


'N-P-N silicon planar transistor in plastic encapsulation with three rigid 
self-locking strips suitable for insertion in printed circuit boards using 
standard grids. Tne transistor has a very low feedback capacitance and is 
primarily intended for use in the output stage of television video if. 


amplifiers. 


QUICK REFERENCE DATA 


Vcno max. 

Vego max. 

Ic max. 

Prot max. (Tam = 25°C) 


Tj max. 
fr typ. (Ic = 5mA, Vcr = 10V, f = 100MHz) 
—Cre typ. (lc = 1mA, Vor = IOV, f = 10-7MHz) 
Gum typ. (Ic = 7mA, Vcr = 10V) f = 35MHz 

f = 45MHz 
Video detector output voltage, typ. 


OUTLINE AND DIMENSIONS 
For details see page 4 


Front View 
Scale 3:1 


N.B. Devices in this Data Sheet should be ordered by the type number followed by Reference 0220. 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 
Voso max. 40 Vv 
Vcro max. (see also page 5) 25 Vv 
VeBo max. 4.0 Vv 
Ic max. 25 mA 
_ Tom max. we 25 mA 
Ptot max. (Tam = 25°C) 250 mW 
: Temperature 
Tas -65 to + 125 °C 
Ty max. 125 °C 


THERMAL CHARACTERISTIC 
Ritngj-amb) in free air 0-4 deg C/mW 


ELECTRICAL CHARACTERISTICS (Tamn = 25°C) 


Min. Typ. Max. 
Ip Base current 


Ic = 7:0mA, Vcr = 10V ce 80 185 pA 
Vase *Base-emitter voltage ; 
Ic = 7:0mA, Ver = 10V — 750 900 mv . 


-Cre Feedback capacitance 
Ic = 1-0mA, Vez = !10V, 
[ ; f = 10-7MHz — 0:3 — pF 
fp Transition frequency 
Ic = 5-OmA, Vcr = 10V, 
f = 100MHz — 550 _ MHz 
*Vpe decreases by about 1-7mV/degC with increasing temperature. 
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N-P-N SILICON 
PLANAR TRANSISTOR 


ELECTRICAL CHARACTERISTICS (continued) 


Typical y-parameters (common emitter) 
Ic = 7-0mA, Vcz = 10V (mounted as in the Mounting Details, 1.) 


Bie 
Cie 
lyre| 
ore 
l¥tel 
ote 
Zoe 
Coe 


Gum 


Input conductance 

Input capacitance 

Feedback admittance 

Phase angle of feedback admittance 
Transfer admittance 

Phase angle of transfer admittance 
Output conductance 

Output capacitance 


Maximum unilateralised power gain 
é _ lyte| 2 
Gum (in dB) = 10log————— 


4gieQoe 
I¢ = 7-0mA, Vcr = 10V 


= Mullard 


f = 35 


4:5 
45 
67 

268 
170 
338 
85 
1:8 


43 


BF197 


= 45 MHz 
5-5 mmho 

45 pF 
86 umho 
268 deg 
155 mmho 
335 deg 
95 umho 
1:8 pF 

41 dB 
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OUTLINE AND DIMENSIONS 


Connections 


1. Base 
0.7 2. Emitter 
t 3. Collector 
rad 0- 
elleoe tage TO" 
+85 All dimensions in mm 
MOUNTING DETAILS ‘ Maximum thickness of 
printed board = 1:7mm 
a Recommended hole diameter = 
1:0 to 1:1 mm 
-@—|-@+ (1-0 to 1:3 mm _ allowable) 
| | loa 
—GQ——_4 B 
. . Maximum thickness of 
printed board = 1:1 mm 
a = 2-49 to 259mm Hole diameter = 0°77 to 0:83 mm 
b =. 5-03 to 5-13mm 
pS546 


See also General Explanatory Notes, Section IV 
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N-P-N SILICON | 2 
PLANAR TRANSISTOR BF197 . 
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Maximum allowable collector-emitter voltage {with resistance } J TTT 
between base and emitter and Ic = 2mA) versus the base resis- mmnar 


tance applied. mea 


The same curve applies to 1 


wOB 


itances are used. 
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N-P-N SILICON 


PLANAR TRANSISTOR 


104 


103 


10? 4 


10 


VceE =10V 


base current versus p Junction 
Ig | temperature ro 
(WA) | typical values(i14 


BF197 
100 Tj(°C) 150 
ad Sees SSS 
fr ane rr 


1 1 Ic (mA) 100 


BF197 Page 7 


OE UE GT TR eee ee 


APPLICATION INFORMATION 


Output stage of a television video i.f. amplifier with the BF1I97 transistor 
followed by a video detector circuit. 


QF 197 2.2pF OA30 


fags 
15pF  -6.8pF - 1 


fa 


—25V 


tVoy Video detector output voltage 


Min. Typ. 
Io = 7:2mA, Vor = 16°6V, f = 38-9MHz 6.0 7-7 Vv 
Gir Transducer gain 
Ic = 7:2mA, Vex — 16-6V, f = 36-4MHz — 255 dB 


output power in load Ri, 


Gu (in dB) — 10log bie power from source with Rs 


Tuning frequency for all tuned circuits is 37MHz 


+The output voltage Vo is defined as the voltage across the 2:7kQ detector 
load Ru. for 30° synchronisation pulse compression, 


—Te =72.2mA 
TTT TT Vee = 16.6 
f=38.9MH2 
Tamb= 25°C 
see the above 


sync. pulse 
compression 


100 tH 
aa 


: TH a8 
suena eee 


t+ + 


44+ 


PPP PIN 


el ese 


tet 
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V.H.F. SILICON PLANAR 
N-P-N TRANSISTOR 


BF200 


N-P-N silicon planar transistor in aTO-72 metal envelope with insulated electrodes 
and a shield lead connected to the case. The BF200 is primarily intended for appli- 
cation in a forward gain controlled pre-amplifier in v.h.f. television tuners and 


f.m. tuners. 


QUICK REFERENCE DATA 


max. (T._, <25°C) 
amb — 


tot 1b 


a max. 


fr min. C1, =2mA, Vop™ lV) 
Sun typ. (-I,,=3mA, Vv 


=10V) f=50MHz 
= 200MHz 


~J_= = EAE 
F typ. ( Ih 2mA, Vop 10V, f= 100MHz) 


CB 


(1, =3mA, Vay =10V, £=200MHz) 


CB 


OUTLINE AND DIMENSIONS 


Conforming to B.S. 3934 SO-12A/SB4-3 
J.E.D.E.C. TO-72 


A Millimetres 
a es Min. Nom. Max. 
B A - = 4.8 
4 B - - 5.3 
Cc 12.7 = - 
c D - = 0.48 
E - - 1.17 
J ta F - - 1.16 
E G - 2.54 - 
7 FENG H - - 5.8 
| 45° 
Viewed from underside 
Connections 1. Emitter | 3. Collector 
2. Base ; 4. Shield connected to envelope 


Accessories available: 56246, 56263 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Vv 
Vogr ma: (gp S1k2) 


I, max. (d.c.) 
1om 


te) 
Prot max. (foe <25°C) 


max. (peak) 


Temperature 


er 


T. max, 
ij 


THERMAL CHARACTERISTIC 


Ruy (j-amb) (in free air) 


ELECTRICAL CHARACTERISTICS amb 725€ unless otherwise stated) 


I Base current 

“1, 73mA, Vop~ 10V 
an =12mA, cB™ Vv 
-V Emitter-base voltage 
I, =3mA, V,=10V 


f, Transition frequency 
sy = =U 
1 E amA, V CB OV 


-C Feedback capacitance 
‘ =1 > 
I c mA, V CE 
F Noise figure at optimum 
source admittance 


-1,73mA, Vop OV, f£=50MHz 


£=200MHz 


“1,7 2mA, Vp =10V, f=100MHz 


CB 


=10V, f=10.7MHz 


Mullard 


Min. 


270 


30 Vv 
20 Vv 
30 Vv 
3.0 Vv 
20 mA 
20 mA 
150 mW 
-65 to +175 ie 
175 we 
1.0 degC/mW 
Typ. Max. 

100 200 pA 
- 2.2 mA 
0.75 ~ - Vv 
- 1.0 Vv 
- - MHz 
0.28 - pF 
1.9 - dB 
2.7 - dB 
2.0 - dB 


BF200 Page 2 


V.H.F. SILICON PLANAR 
N-P-N TRANSISTOR BF200 


ELECTRICAL CHARACTERISTICS (contd.) 


Min. Typ. Max. 
Sum *Maximum unilateralised power gain 
2 
y, 
Sum ~ Fel — 
ib "ob a? 5 
“1, -3mA, Von OV, £=50MHz : - 30 > ims . dB 
£=200MHz - 22 - dB 
“1, =2mA, Vap lov, f=100MHz - 28 a dB 
Typical y-parameters (common emitter), 
1,72mA, Vop7 lov f= 100MHz fe 
Bie Input conductance 5.0 mQ 
ie Input capacitance 16 pF 
[¥rel Feedback admittance 0.16 mor! 
an Phase angle of feedback admittance 270 deg 
\Yte| Transfer admi.tance 56 mo! 
9. Phase angle of transfer admittance 340 deg 
Boe Output conductance 15 pol 
Ce Output capacitance 0.9 pF 
Typical y-parameters (common hase) 
“1, =3mA, Vop™ lov f=50MHz =200MHz 
Bip Input conductance 85 62 mol 
-by, Input susceptance 15 38 mot 
[xp] Feedback admittance : 55 180 pol 
Bw» Phase angle of feedback admittance ; 270 270 deg 
¥ep| Transfer admittance : 85 70 mo} 
Be Phase angle of transfer admittance 165 145 deg 
&, Output conductance 15 150 uot 
be Output susceptance 280 1100 port 


*Common base configuration, metal envelope connected directly to earth, external 
lead length=3mm. 
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V.H.F. SILICON PLANAR | 
N-P-N TRANSISTOR . 


Ys optimum at: 
50MHz: (7-j1) mis 
100MH2: (8 — j2)m.unz! 


—itypical noise figure at optimum source admittance 


200MHz: (11— j3)m.a7" 
fs 7] 


SH 


{| 
pees 
i. 
Bw 
PH 
BREE 
PTT ry 
HoH 


lead length= 3mm 
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V.H.F. SILICON PLANAR 
N-P-N TRANSISTOR BF200 


NOGRRSEREREROGEE 


NTT 


0.1 1 10 Re (kis) 100 : 


Maximum permissible collector-emitter voltage (with resistance 
between base and emitter and Iq = 2mA) plotted against the base 
resistance applied, 


The same curves apply to = and = when external capacitances 
are used, B E 
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N-CHANNEL SILICON BF245A 
FIELD EFFECT TRANSISTORS BF245B 


BF245C 


Symmetrical N-channel planar epitaxial junction field effect transistors in a plastic ‘ 
envelope. Intended for por: purpose applications in 1.f. and d.c. amplifiers, and : 
in h.f. amplifiers. 


Drain-source voltage 


Gate -source voltage (open drain) 


Sodas Xe 760 
Total power dissipation up to aabe 715°C 


Drain current : ‘ 


Vos =I15V; Vas = 


Gate-source cut-off voltage 

Ty =10nA; Vpg =15V “Vipycs 0.5 to 8.0 
Feedback capacitance at f = 1kHz 

Ving 720Vi -Vgg = Vi Tamb72> © Ci, ty. 61 pF 
Transfer admittance (common source) 


=15V: =0: f= : =252 
Ving = 15; Vag 795 f=1kHz; Tomb 25°C | %es| 3.0to 6.5 mA/V 


MECHANICAL DATA ; Dimensions in mm 
Similar to J,.E.D.E.C. TO-92 


4 0.35 
qmin 


diameter within 2.5max 4 
is uncontrolled 06039 


- Mullard - , 
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RATINGS ; c” 6 


Limiting values of operation according to the absolute maximum system. 


Voltages 
: Drain-source voltage Ving max. 30 Vv 
Drain-gate voltage (open source) Vp GO max. 30 Vv 
Gate-source voltage (open drain) -V Gso max. 30 ; Vv 
Currents 
Drain current Ib max. 25 mA 
Gate current Ig max. 10 mA 
Power dissipation a 
ce iat _ 920, 
Power dissipation up to Top Cc toe fax: 300 mW 
uptoT, =90°C P max. 300 mW* 
amb tot 
Temperatures 
Storage temperature Tatg -65 to +150 °G 
Junction temperature T, max. 150 °C 
" THERMAL RESISTANCE 
. r = oO, 
Epon junction to ambient in free sea Ring j-amb) 0. 25 'c/mW 
‘ : ‘= Oo, my 
From junction to ambient Ren (j-amb) 0. 20 C/mW 


i Transistor mounted on printed circuit board, max. lead length 3mm, mounting pad for 
drain lead minimum 10mm x 10mm. 
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N-CHANNEL SILICON 
FIELD EFFECT TRANSISTORS 


CHARACTERISTICS (T,=25°C unless otherwise specified 


Gate cut-off current : BF245A B 
Naggntt Ng? ‘ “Tess 
- = ; =0; =12 - 
Vas 20V Vos 0 T; 125°C loss 
Drain current ly 
Vos =15V; Vas =0 Ihss 
Gate-source breakdown voltage 
“har MY Nigg=0 ~Vierycss 
Gate-source voltage 
in = 200uA; Vos =15V Vos 


Gate-source cut-off voltage 
b =10nA; V_. =15V 


DS “Vipygs 


y-parameters at Tymb725 C (common source) 


Vig = 15V; Vag =9 ; 
f= 1kHz Transfer admittance | Yes | 
Output admittance |Yos| 
f=200MHz Input conductance Big 
Reverse transfer admittance lYrs| 
Transfer admittance ; |¥ts| 
Output conductance B55 
Vos =20V; Vas =1V 
f=1MHz Input capacitance is 
Feedback capacitance = 
Output capacitance aa 
Cut-off frequency 2) 
Ving = 15V5 Vag =9 f ots 
Noise figure at f= 100MHz; R 7 1k2 (common source) 
Vpg = 15V3 Vig =O: Tamb72> © 
input tuned to minimum noise N 


1) Measured under pulse condition: ae aa d= 0.02 
2) The frequency at which 8:6 is 0.7 of its value at 1kHz. 
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BF245A 
BF245B 
BF245C 


0.5 to 8.0 v 


3.0 to 6.5 mA/V 


typ. 
typ. 


25 wA/V 
250 = pA/V 
1.4 mA/V 

6 mA/V 
40 wA/V 


4.0 pF 
11 pF 


1.6 pF 


700 MHz 


1.5 dB 
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N-CHANNEL SILICON i | BF24 
FIELD EFFECT TRANSISTORS stipes 


BF245C 


a LTA | a 4a 1.8 
CECT Tre he ee err ee 


0 50 100 Tj (°C) 180 
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|_| typ. values 
| | Vos =15V |_| 
ater 


50 100 7, (°C) 150 
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N-CHANNEL SILICON 2. 
FIELD EFFECT TRANSISTORS at 


BF245C 


0 50 100 T; (°C) 150 
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N-CHANNEL SILICON 
FIELD EFFECT TRANSISTORS aps 


BF245C 


2 8 7 2 2 $ 7 3 
10 10 f (MHz) 10 
05973 
3 
10" | typ.values 3 
Vgg 20 : 
Sos Yps =15V b : 
Tomb =25°C , 
(yA/V) | amb = (mA/V) 
2 bos 2 
102 1 " 
7 7 a 
5 5 : 
Sos : 
2 2 j 
10 107! ; 
7 ti : 
5 i 5 4 
ea a “4 
2 2 of 
' 107? s 
2 ee 3 Ss. 7 “3 
10 102, (MHz) — 103 4 
BF245 Page 9 4 
4 


= 25°C 


Tamb® 


25 Ima) 30 
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N-CHANNEL SILICON 
FIELD EFFECT TRANSISTORS 


05977 


typ. product correlation band 
between -Vipygs and Ipss 


0 10 20 30 


YA 
valid 


o PEEL 


BF245A 
BF245B 
BF245C 


typ. values 
Vos 20 


felkHz aie 
rein ec HELLA 
PET 


I 
em ee 


vy, 
HH BF245C 


rT | 
MrT TTT 


“a 
EP 4nn 
ibe 


LT} Vps=15V, Veg =0 


LH Rg=IkO, Tymp= 25°C 
input tuned to min. noise 


Uy 
roc er eat al LS OC ee ee 
2 3 8 2 
0 


Py 
LU 
7 
1 1 
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abasic ee epee 


P-N-P SILICON PLANAR | 
EPITAXIAL H.F. TRANSISTOR BF324 


P-N-P transistor in a plastic envelope primarily intended for use in r.f. stages of f.m. 
tuners. 


QUICK REFERENCE DATA 


Collector-base voltage (open emitter) 
Collector-emitter voltage (open base) 


Collector current (d.c.) 


eta rt _4c0 
Total power dissipation up to Tomb? Cc 


Junction temperature 


Base current 
-I Cc =4mA; -V 


Transition frequency 
I =4mA; Vor =10V 


Noise figure at f=100MHz 
ly =2mA; Vor =10V; G, =16. 7mA/V 


Feedback capacitance at f = IMHz 


Vip =0; Vor =10V 


MECHANICAL DATA Dimensions in mm 
Similar to: J.E.D.E.C. TO-92 


diameter within sine, | ae 
is uncontrolled 04765 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Voltages 

Collector-base voltage (open emitter) -V CBO max. 30 Vv 

Collector-emitter voltage (open base) Vor O max. 30 Vv 

Emitter-base voltage (open collector) ~VepO max. 4 Vv 
Current 

Collector current (d.c.) a max. - 25 mA 
Power dissipation 

Total power dissipation up to 

T =45 C0 — P max. 250 : mW 
amb tot 2 

Temperatures ' 

Storage temperature Tg -55 to + 150 %G 

Junction temperature T; max. 150 % 
THERMAL RESISTANCE 

: fey 
From junction to ambient in free air Reh(j-amb) 7 0. 42 C/mw 
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P-N-P SILICON PLANAR 
EPITAXIAL H.F. TRANSISTOR 


CHARACTERSTICS (T, = 25°C) 


j 
Collector cut-off current 


I =0; “Voz =30V 


Emitter cut-off current 


I, =0; Vip = 4V 


Base current 


In =4mA; Vor =10V 


“ly =1lmA; Vor =10V 


Transition frequency at f= 100MHz 
I =1mA; Vop 7 lov 
1 =4mA; Vor =10V 
Tn =8mA; Vor =10V 
Feedback capacitance at f = [MHz 


Ve =0; Voge 10V 


Noise factor at f= 100MHz 
Ip =2mA; Vop =10V; 

Ge, = 16. 7mA/V 

To = 5mA; Vor =10V; 


G, =6. 7mA/V; “By =5mA/V 


y-parameters (common base) at f= 100MHz 
“I, =4mA; ~Vop 7 l0V 
Input conductance 
Input capacitance 
Transfer admittance 
Phase angle of transfer admittance 
Output conductance 


Output capacitance 
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Bip 


Cy 


| Yep | 


? th 
2 ob 


Cot 


0.1 


3.5 


BF324 


dB 


dB 


mA/V 
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05927 


4 


-Ip (mA) 


Citi typ. values 
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N-P-N SILICON BF336 . 
PLANAR TRANSISTORS BF337 


BF338 


N-P-N silicon planar transistors intended for use in R-G-Band colour difference 
output circuits for colour television receivers. 


QUICK REFERENCE DATA 
BF 336 BF337 BF338 


140°C 


FE min. 


te) 
I, = 30mA, Vor = 10V, Eee Cc 


fp min. : E 


lo = 30mA, Vor = 20V 


-C_ max. 


re 
I, = 10mA, V 


c = 20V, f = 0.5MHz 


CE 


Unless otherwise stated information is applicable to all types 


OUTLINE AND DIMENSIONS 


Conforms to BS 3934 SO-3/SB3-3B , 
J.E.D.E.C. TO-39 


0.86 
max 


8.5 ' 
mux i 
| 
6.6 
max 12.7 
min 
All dimensions in mm D157 


Collector connected to case, max. lead diameter is guaranteed only for 12. 7min. 
Accessories available: - 56218, 56245, 56265 
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RATINGS 


, Limiting values of operation according to the absolute maximum system. 


Electrical 


BF336 BF337 BF338 
Vopo max. 185 250 300 ; Vv 
Varo mare dh, = 4mA) 180 200 225 Vv 
o 

VorrR max, op * 1kQ, Io =ImA, ie 150 C) 185 250 300 Vv 
Vien Max (L, = 0. 1mA) 5.0 Vv 
To max. (continuous) 100 mA 
Tam max. (peak) 20 - mA 

P_ max, 

tot 7 
T _= 140C 3.0 WwW 
mb 
Temperature 
° 
si tg -65 to +200 Cc 
T, max. +200 °c 
THERMAL CHARACTERISTICS 
Run (j-amb) 220 degC/W 
Ren (j-mb) 20 degC /W 
Rin(j-case) a5 degC/W 
ELECTRICAL CHARACTERISTICS (T j = 25°C unless otherwise stated) 
Min. ‘Typ. Max. 
IoER Collector cut-off current . 

Vor = 150V, Ror = 1kQ BF336 - 10n 1004 A 
Vor = 200V, Rog = 1kQ BF337 = 10n 100u A 
Vor = 250V, Ror = 1kQ BF338 = 10n 100n A 
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N-P-N SILICON 
PLANAR TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 
h Static forward current transfer ratio 
I cm 30mA, V, 


V. Base-emitter voltage 
1,=30mA, V 


Vv High-frequency knee voltage 
1, = 50mA, T,= 150°C 


FE 
BE 
Cc 
CEK 
Cc 
Tj =150°C 
VCEK 
(Vhio 
5 


static knee voltage 


ay 0.1 


Min. 


20 


0 


Typ. Max 
60 - 

0.7 1.2 v 
10 - Vv 


VCEK 50 VceE(V) 


The high-frequency knee voltage of atransistor is that value of the collector-emitter 
voltage at which the small signal gain, measured in a practical circuit has dropped 
to 80% of the gain at Vog = SOV. A further decrease of the collector-emitter voltage 


results in a rapid increase of the distortion of the signal. 


-C Feedback capacitance 
= 10mA, Vor = 20V, f= 0.5MHz 


re 
ve 


Cc Feedback time constant 
I = 30mA, Vop™ 20V, f= LOMHz 


“pb'b'c _ 


f Transition frequency 
Ia = 30mA, Vor = 20V, f= 100MHz 
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Min. 


80 


Typ. Max. 
3.0 3.5 pF 
30 100 ps 
130 7 MHz 
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a 
IN TS 
A NI 


TS6 genie 8 Sees eet os ee 
KC 
AO mBnaes 


(ome a, 


PN eS 
pac UTI 


Prot max (d.c.) 


o 


STE il 
i em 


Co 
tI 


10 10? Veg (V) 10° 


Safe Operating Areas with the transistor forward biased 
I Region of permissible d.c. operation 
II Permissible extension for repetitive pulsed operation 


' 
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N-P-N SILICON | BF336 
PLANAR TRANSISTORS BF337 


BF338 


AAT 


Safe Operating Areas with the transistor forward biased 
I Region of permissible d.c. operation 
II Permissible extension for repetitive pulses operation 
IIE Repetitive pulsed operation in this region is permitted, 
provided that Ror <1kQ 
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sala | BF 338 | 


i 


Tmb $ 140°C 


40 Vee (V) 10° 


Safe Operating Areas with the transistor forward biased 
I Region of permissible d.c. operation 
II Permissible extension for repetitive pulses operation 
III Repetitive pulsed operation in this region is permitted, 
provided that Ror <1kQ 
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N-P-N SILICON BF336 
PLANAR TRANSISTORS BF337 


Zth 
(deg C/W) 


EET a 
PT br 338 | 
| aa 


HL ee 297 


4 10 107 403 10% 10° Reeth) 10® 
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150 


Se 
es 


values 


ane 


oS TS Si LS 


(GED ES ES Ce ES A SO 
|_| Tc =30mA B 
B Vee 2 10V |_| 


0.5 


1 


VeelV) 


0 
15 -100 
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N-P-N SILICON 


PLANAR TRANSISTORS BF337 
BF338 
450 
eS ee a = 
a eee sae elon 
fy Secs mee ane us a Baer a ae 
as es eee eee Sener 
100 ae aan eee lao ==en8 
= See. aera 
ee east SEect 
a eae see 
ee veen2ov FEE 
ees eee eee ae pase PO 
ey CRS (PERE (MAE Lael ET Ge (RR) CO a) 
oO ke pe Se eT eee 
ie ein ea Pee PoE ery 
fh eh ee Leip. Se eee a es 
co ee oe ee a ee i ee 


values 


10 Ic (mA) 400 


30 


~Cre 
(pF) 


100 
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N-P-N SILICON 7 
PLANAR TRANSISTOR BF355 


An n-p-n silicon planar transistor specifically intended for use as a driver for 
single transistor line output stages in monochrome and colour television receivers. 


QUICK REFERENCE DATA 


Vv CBO max. 


Vv CEO max. 


Ia max. 


lom max. =35us, T =64ys) 


Po , max. cr. mb™ = 140° C) 


T, max. 
J 


t_ typ. 
3 UP 


OUTLINE AND DIMENSIONS 


Conforms to BS3934 SO-3/SB3 -3B 
J.E.D.E.C. TO -39 


Alt. dimensions in mm D157 


Collector connected to case, max. lead diameter is guaranteed only for 12. 7min. 
Accessories available: - 56218, 56245, 56265 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


i = 1k2) 
Vv max Ron ) 


I max. Some: T = 64ys) 


I max. (Peak transient collector current, 


ts0 Sus, T =64ys, 
T p755C, see note 1) 


am 
Tao max 
() 
ae max., T b= me 
Tamb> 25°C 
Temperature 
Tate 
T, max, 
J 


THERMAL CHARACTERISTICS 
Ring -amb) 
Rin(j-mb) 
Ren (j-case) 


Note 1. 


300 
225 
300 
5.0 
100 


160 


200 
20 


3.0 
0.8 


-65 to +200 


200 


220 
20 


25 


mA 


WwW 


This rating applies during switch-on of the BF355 where an overshoot of current is 
liable to occur. The amplitude of the overshoot depends on the relative magnitude 
of stray external capacities to the transistor collector capacity. It is desirable to 
keep the stray capacities to a minimum by short lead lengths etc. so as to minimise 
the area of the switching path (see SOAR curve on page 5). 
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N-P-N SILICON 
PLANAR TRANSISTOR BF355 


ELECTRICAL CHARACTERISTICS Ly =25°C unless otherwise stated) 
Min. Typ. Max. 


I CER Collector cut-off current 
Vag 7250V, Ror = lke - 0. 01 100 pA 
Collector -emitter breakdown 
voltage (d.c. measurement) 


° 
VBRYCER In =lmA, Ror =1kQ, Te 150°C 300 = Vv 
V (BR)CEO Io =4mA, 1,70 225 = & Vv 
Vv Collector -base breakdown voltage 
(BRIGBS L,=1mA, I, =0 300 : Vv 
Cc E 
Vv Emitter -base breakdown voltage 
(GEDERO L,=0.1mA, 1, =0 50° = - v 
E Cc 
v Collector -emitter saturation voltage 
CE(sat) (see note 2 and typical circuit) A : 
L, =160mA, [,=10mA, T,=125 C 7 * 25 Vv 
Cc B j 
= Storage time (see note 3, page 4) - 0.5 ; us 
Note 2, 


The BF355 is controlled to Vox (sat) max. =25V, and is thermally stable under ail 
operating conditions where Tj max. = 125°C is not exceeded. For the typical circuit 
shown below, a heatsink for operation from T = 60°C, havingR =50 C/W, 
would be suitable. a a ee) 


Typical circuit 


04697 
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Uene ee 's 


age AY ep 


Note 3, 


Storage time is measured in the following circuit: - 


04698 
Voc: 300¥ 


Ry 


2200 “h nF 


or 
2yys——f LE 


Input voltage 
Voc is adjusted in order to obtain 1. max. = 160 mA 


Input 
voltage 


Input | 
current J 
| 
! 


max Collector 
current 


--—L---~---- ~----+4 


_{ts 'storage time 
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N-P-N SILICON . 
PLANAR TRANSISTOR BF355 


poe | | LT 
Geta’ ae 


—s | 
eS NS 
a a, 


SAFE OPERATING AREAS 


I - D.C. operation (forward) 
Il - Repetitive pulse operation (forward) 


Ill - D.C. and repetitive pulse operation 
when base-emitter resistance = 1k& (forward). 
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N-P-N SILICON 
PLANAR TRANSISTOR 


Voer aes! 
max RTE 
(Vv) ane: 


il 
aa 


TT 


oh 
| 
100 Ln 


1 


in ERY 


a 
Lt 
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Typical curves 


Tamb = 25°C 


oL] 
0 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTORS see 


High gain n-p-n silicon planar transistors for use in the u.h.f. band. The BF362 
is intended for use in the r.f. stage of television tuners and the BF363 is a self- 


oscillating mixer. 
<- 


QUICK REFERENCE. DATA 


max. 
o : 

< a 

eae max, (Tomb <55°C) ; 
T, max. 


(i, =3.0mA, Vo. = 10V, f= 100MHz) 


BF362 typ. 
BF363 min. 
max 


T CE 


Stage gain min. (f= 900MHz) 
Noise figure typ. (f=800MHz) 


Unless otherwise shown, data are applicable to both types 


OUTLINE AND DIMENSIONS 


IDENTIFICATION: ~ 

either by type number, or 

7 body surface colour coded- 
me red - (BF 362) 
blue -(BF 363) 


Ds078 


Alt dimensions in mm 
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RATINGS 


Limiting values of operation according to the absolute maximum system. 


Electrical 


Vv CBO max, 


“Vv max. 


I, max, 


Tom max, 


° 
Pot max. (Tomb <55 C) 
Temperature 


T, max. 
J 


THERMAL CHARACTERISTIC 


Rn(j-amb) 


30 ; v 
20 v 
3.0 Vv 
20 mA 
20 mA 
120 mW 
125 °c 
ty 
0.58 C/mW 


ELECTRICAL CHARACTERISTICS (Ty np725 © unless otherwise stated) 


Min. Typ. Max, 
I, Base current 
lp = 3.0mA, Vor = 10V - 60 150 pA 
“I, = 12mA, Vag = 7.0 - 0.3 1.0 mA 
Ves Emitter -base voltage 
Th = 3.0mA, Vop= 10V - 0. 75 - Vv 
Tp =]2mA, Vop = 7: - 0.8 . Vv 
fp Transition frequency 
In = 3.0mA, Vor =10V, f= 100MHz BF362 - 800 < MHz 
BF363 600 - 820 MHz 
c, Feedback capacitance 
1, =1,0mA, V. = 10V, f = 10. 7MHz - 0, 25 ; pF 
N Noise figure 
Tp = 3.0mA, Voc = 12V, f = 800MHz 
G, = 27mmho, B. = 9mmho, Ra = 3902 - 5.0 - dB 
ly = 3,.0mA, Voc = 12V, f = SOOMHz 
G, = 26mmho, B. = -llmmbho, Ro = 3902 7 4.5 = dB 
Stage gain 
Tp = 3mA, Voc = 12V, £ = 900MHz 
G_ =20mmbho, G,’ = 2.0mmho, B =0 
s L s 
1 12 7 dB 


BE = tuned, Ro = 3902 
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N-P-N SILICON PLANAR 
U.H.F. TRANSISTORS 


ELECTRICAL CHARACTERISTICS (contd. ) 


y-parameters 


Tp = 3.0mA, Vor = 10V, f = SOOMHz 


8; b Input conductance 
be Input susceptance 
\Yrp| Feedback admittance 
bv Phase angle of feedback admittance 
Yet | Transfer admittance 
o fb Phase angle of transfer admittance 
Sob Output conductance 
Cop Output capacitance 
y -parameters 
Tp =3.0mA, Vos = 10V, f = 900MHz 
Sib Input conductance 
be Input susceptance 
\y-p| Feedback admittance 
orp Phase angle of feedback admittance 
ly | Transfer admittance 
fb 
¢ tb Phase angle of transfer admittance 
Sob Output conductance 
Cob Output capacitance 
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Min. 


Typ. 


270 


900 


BF362 
BF363 


Max. 


- mmho 
‘. mmho 
a umho 
- degrees 
- mmho 
= degrees 
- mmho 


- pF 


- mmho 
- mmho 
- pmho 
# degrees 
- mmho 
¥ degrees 
2 mmho <— 


- pF 
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P-N SILICON PLANAR 
H.F. TRANSISTORS 


PTT TPAD TT 


0 5 10 


—— Mullard 


15 Ie (mA) 
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P-N-P SILICON PLANAR BF450 
EPITAXIAL H.F. TRANSISTORS BF451 


P-N-P transistors in a plastic envelope primarily intended for mixer stages in a.m. 
receivers andi.f. stages ina.m./f.m. receivers with negative earth. 


QUICK REFERENCE DATA 


Collector -base voltage (open emitter) Voro max. 40 Vv 

Collector -emitter voltage (open base) Vero max. 40 Vv 

Collector current (d.c. ) Ta max. 25 mA 
asta i =450 

Total power dissipation up to Tomb 45°C P ot max. 250 mW 

Junction temperature TT. max. 150 °C 


Base current 


TgelmA, Veg =10V BF450: al < 16.5 pA 
AF451: A, < 33. wA 


Cc 


Transition frequency 


“l,=imA, Vop = i0V fp typ. 325 MHz 
Noise figure at f= l00kHz . 
Ty =ImA, Vor =10V; Ro = 3002 N typ. 2 dB 


MECHANICAL DATA Dimensions in mm 
Similar toJ.E,D.E,C, TO-92 


—e 5.2max -*\——————_ 12.7 min 
{ 


ist 
is uncontrolied 06004 


diameter within 25max, 
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10? 


f (MHz) 


10 
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ACCESSORIES © 


| 


“ACCESSORIES FOR: TRANSISTORS 


Section 1 Cooling Clips 


PART NUMBER FOR USE ON OUTLINES PAGE 
J.E.D.E.C. BS 3934 
56200° TO-1 $O-21/SB3-10 3 
56207° TO=7 SO-23/SB4—4 4 
56209° TO-1 $O-21/SB3-10 5 
56226 TO-1 SO-21/SB3-10 6 
56227 TO-1 $O-21/SB3-10 7 
56263 TO-18 $0-12A/SB3-6A 
TO-71 SO-12A/SB8-1B + 8 
TO-72 $O-12A/SB4-3. | 
56265 TO-5 $0-3/SB3-3A 
TO-12 SO-3/SB4-1 9 
TO-33 SO-3/SB4-1 
TO-39 S0-3/SB3-3B J 


“These devices are supplied on a maintenance basis only, they are not recommended 
for current design 


Section 2 Mounting Accessories 


PART NUMBER DESCRIPTION FOR USE ON OUTLINES PAGE ; 
56201A Insulating bush TO-3 3.15mm (thick or medium : 
with 56300) 10 4 
56201B Mica washer TO-3 all 10 
56239A Insulating bush TO-3 1.6mm (medium) 16 
56336A Insulating bush (2kV) TO-3 3.15mm (thick) 17 
56336B Mica washer (2kV) TO-3 ail 17 
56214 Lead washer TO-3 all 10 
56300 Steel spacer TO-3 0.9 or 1.6mm (thin or 
medium) 11 
56218 Top and bottom TO-5, TO-39 (and TO-12, 
clamping washer and TO-33 for non-insulated 
Mylar washer mounting) 12 
56245 Insulated distance disc TO-5, TO-12, TO-33, TO-39 13 
56246 Insulated distance disc TO-18, TO-72 13 
56301B Mica washer TO-126 14-15 
56326 Flat metal washer TO-126 14-15 
56325 Mica washer TO-220 18 
56338 Insulating bush TO-220 18 
56239A Insulating bush — SO-55 (BS 3934) 16 
56239B Mica washer — SO-55 (BS 3934) 16 
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GENERAL EXPLANATORY ACCESSORIES FOR 
NOTES TRANSISTORS 


All information on thermal resistance of the accessories combined with flat heatsinks 
is valia for square heatsinks of blackened aluminium. 


For a few variations the thermal resistance may be derived as follows: 


a. Rectancular heatsinks (sides a and 2a) 
When mounted with long side horizontal, multiply by 0.95. 
When mounted with short side horizontal, multiply by 1.10. 


b. Unblackened or thicker heatsinks 
Multiply by the factor B given below as a function of the heatsink size A. 


aT aiifagaistetetocis 
mi im blacken d Aluminium i 
rae a 
es Mt HH 
0 5 0 5 0 a “ 


A(cm?) one side 


-Mullard 
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ACCESSORIES FOR - 56200 


TRANSISTORS 


COOLING CLIP 
MECHANICAL DATA (Dimensions in mm) 


Clip material: brass, nickel plated 


THERMAL CHARACTERISTICS 


Riniease-ambh) Thermal resistance case to ambient, , 
coolingcliponly — 100 degC/W 
with heatsink see graph 
R 0024 
the-alismm 
baa e: 


() 20 Alem?)40 
one side 


MOUNTING INSTRUCTIONS 
Torque on nut for good heat transfer: Skg cm 


| | M3 bolt 
( ) — washer 
cooling fin 


J ANNAAAAAAANARAAASANARANN 427 ASANARARAAAAARERRARAAANS heats ink 
Sa enema lock washer 
002s ome nut 


CR A SE ET EET 
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ACCESSORIES FOR 
TRANSISTORS 


COOLING CLIP 
MECHANICAL DATA (Dimensions in mm) 


Clip material: aluminium, blackened 


THERMAL CHARACTERISTICS 


Rintcase-amb) Thermal resistance case to ambient, 


cooling clip only 60 degC/W 
- with heatsink see graph 


0027 

Rtne-a 
(deg C/W) 
100 


fe) 20 Alemn?)40 
one side 


MOUNTING INSTRUCTIONS 


Torque on M3 bolts for good heat transfer: 5kg cm 
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[ACCESSORIES FOR. 2 56209 


TRANSISTORS 


COOLING CLIP 


MECHANICAL DATA (Dimensions in mm) 


6 


0028 


Clip material: brass, nickel plated 


THERMAL CHARACTERICTIC 


Rihicase-amd) Thermal resistance case to ambient, 
cooling clip only 75 degC/W 


—————— ee 
Mullard ; Accessories—Page 5 


56226 | nCbeSeanies FOR 


TRANSISTORS 
= COOLING CLIP 
: MECHANICAL DATA (Dimensions in mm) 
: 565 : Clip material: brass, nickel plated 
THERMAL CHARACTERISTICS 
Rinicase amv: Thermal resistance case to ambient, 
cooling clip onty 100 degC/W 
Rinets 0030 with heatsink see graph 


{degc/W} 


The thermal resistance values apply to each 
transistor, provided the two transistors have 
been mounted so that the heat flow from each 
one is equal. 


a 0 20 Alcm?)40 
_ one side 


MOUNTING INSTRUCTIONS 
Torque on nut for good heat transfer: 5kg cm. 


| | M3 bolt 
nd washer 
costing fin 
ESSSSSSSSSSSSSSS SSS TT heatsink 
meee lock washer 
0031 ioape) nut 


Mullard 
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ACCESSORIES FOR 
TRANSISTORS 56227 


COOLING CLIP 
MECHANICAL DATA (Dimensions in mm) 


Clip material: brass, nickel plated 


D032 


THERMAL CHARACTERISTICS 


Rinicase-amb) Thermal resistance case to ambient, 
cooling clip only 100 degC/W 
with heatsink see graph 
B033 
Reh cealy 
(degC / WI 
1004 


0 20 Alcm?)4 
one side 


o 


MOUNTING INSTRUCTIONS 


Torque on nut for good heat transfer: 5kg cm 


TT M3 bolt 
( — washer 
cooling fin 
[SSNANANAANANAAANAAAANAAN A ANNANANAANAAAARAANANNRNY heatsink 
ae lock washer 
0034 ioape) nut 


Mullard 


Accessories—Page 7 


e 


(UN 


ACCESSORIES FOR 
TRANSISTORS 


56263 


COOLING CLIP 


MECHANICAL DATA (Dimensions in mm) 


Clip material: copper, tin plated 


THERMAL CHARACTERISTIC 


Rinicase-amp) Thermal resistance case to ambient 100 degC/W 
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ACCESSORIES FOR | 7 
TRANSISTORS 56265 


COOLING CLIP 
MECHANICAL DATA (Dineen in mm) 


Clip material: aluminium, blackened 


THERMAL CHARACTERISTICS 
Rthe-of Baa ai, backend] Rtn(case-amb) Thermal resistance case to ambient, 
lage cooling clip only 
with heatsink 


80 degC/W 

see graph 

0 20 A&m?)40 
one 8 


MOUNTING !NSTRUCTIONS 


b) T M3 bolt 


= washer 


cooling fin 
hole 25 to 2.7mm 
heatsink 


lock washer ~ 
nut 


Torque on nut for good heat transfer: 5kg cm. 


Mullard 
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O14 “ACCESSORIES FOR 
SC SOIE TRANSISTORS 
56214 


MOUNTING ACCESSORIES FOR 
TO-3 OUTLINE 


MECHANICAL DATA (Dimensions in mm) 
3.9 : 
cae 
45 3.5 
1.5 


0039 


Insulating bush Mica washer 
56201A §6201B 


THERMAL CHARACTERISTIC 
Rtn(mb-n) Thermal resistance 
mounting-base to heatsink 1 degC/W 


56214 Lead washer 
MECHANICAL DATA (Dimensions in mm) 


> a2 —— <= 


301 —__-__ 


Section A-a 


THERMAL CHARACTERISTIC 


Rin(mb-n) Thermal resistance mounting-base to 
heatsink, with mica washer and Jead 
washer 0:75 degC/W 
TEMPERATURE 
Tmax Max. allowable temperature 150 °C 


Mullard 
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ata: 


ACCESSORIES FOR . 
TRANSISTORS 56300 


MOUNTING ACCESSORIES FOR 
TO-3 OUTLINE 


56300 Steel spacer 


4.0 3 
~ 7 i” 
A A For use with thin-base ‘4 
devices only. 
75 
2.0 


Section A-A 


MOUNTING INSTRUCTIONS 


nut foams) aD nut 
lock washer wwe — 
soldering tag =m 


lock washer 


lead washer 


mica washer 
holes max4mm : 
SST ESSESSSE ESS heatsink 


LL insulating bush 


M3 bolt 
043 


Torque on nut for good heat transfer: 5kg cm 


Mullard 
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| ACCESSORIES FOR 
56218 TRANSISTORS 


MOUNTING ACCESSORIES FOR 
TO-5, TO-12, TO-33, TO-39 OUTLINES 


56218 Top and bottom clamping washers and Mylar washer 


MECHANICAL DATA (Dimensions in mm) 


Top clamping washer Bottom clamping washer 
of insulating material material: brass, tin plated 


THERMAL CHARACTERISTICS 
Thermal resistance mounting-base to heatsink, 


Mylar washer 


Rinc mb-h)} 
non-insulated mounting 1 degC/W 
insulated mounting 6 degC/W 
TEMPERATURE 
= T max Max. allowable temperature 100 °C 
MOUNTING INSTRUCTIONS : 
lo a 8) [2 ae) nut 


e @ ae top clamping washer 


@ _——————————— bottom clamping washer 
(©) mylar washer 
SSC ESE sss _ heatsink 
hole meron Non-insulated: without items 2 and 3 
fl ll M26 bolt Note: item 1 must then be mounted 
047 upside down. 
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ACCESSORIES FOR 56245 
TRANSISTORS ; 56246 


MOUNTING ACCESSORIES FOR 
TO-5, TO-12, TO-33, TO-39 OUTLINES (cont'd) 


56245 Distance disc 
MECHANICAL DATA (Dimensiong in mm) 


Insulating material 


— {iM 


0048 
TEMPERATURE 


Tmax Max. allowable temperature 100 °C 


56246 Distance disc 


Insulating material 


TEMPERATURE 


T max Max. allowable temperature 100 °C 


Mullard 
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| ACCESSORIES FOR 
Pecos TRANSISTORS 


MOUNTING ACCESSORIES FOR 
TO-126 OUTLINE 


56301B Mica washer 
56326 Steel washer 
MECHANICAL DATA (Dimensions in mm) 


; 


MOUNTING 
INSTRUCTIONS 


washer (56326) 


we 


_-Plastic transistor 


mica washer (563018) 


*———— lock washer 


| nut (hex) 


DOS2a 


Mullard 


Accessories—Page 14 


1.6. 
—4 
Section A-A 06312 a1 L 
Mica washer Steel washer 
THERMAL CHARACTERISTICS 
Rin(mb-n) Thermal resistance 
mounting-base to heatsink, 
without insulating material 1 degC/W 
with mica washer (56301B) 4 degC/W — 


“apes aot STS 


ACCESSORIES FOR 56301B 
TRANSISTORS 56326 


$ 


MOUNTING DETAILS 
TO-126 OUTLINE 


METHOD 1 METHOD 2 


SS 
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56239A | ACCESSORIES FOR 
56239B TRANSISTORS 


MOUNTING ACCESSORIES FOR 
BS 3934 SO-55B OUTLINE 


MECHANICAL DATA (Dimensions in mm) 


3.8 3.4 


D059 0.07520.025 


0080 mi 
Insulating bush Mica washer 
56239A 56239B 
THERMAL CHARACTERISTIC 
Rtn(mb-n) Thermal resistance mounting-base 
to heatsink 1:5 degC/W 
TEMPERATURE 
T max Max. allowable temperature 150 °C 
MOUNTING INSTRUCTIONS 
nut ay [oape) nut 
lock washer sere <o lock washer 
soldering tag —==a=es 
mica washer 
holes max4mm : 
heatsink 
ama 4 insulating bush 
ll ll M3 bolt 
doet Torque on nut for good heat transfer: 5kg cm. 


Mullard 
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ACCESSORIES FOR | 56336A 
TRANSISTORS . 56336B 


MOUNTING ACCESSORIES FOR 
TO-3 OUTLINE 


(High Voltage Application, up to 2kV) 


56336A Insulating bush 
56336B Mica washer 


8.0 
3.9 

34 
TiAl 2s 


[oe 


[| ne ae 
0SS30 


Dimensions in mm 


THERMAL CHARACTERISTICS 


Rthymb—ny Thermal resistance, mounting-base to 
heatsink 1°C/W 


The use of a heatsink compound is essential. 
When the mica washer is used, the compound must be applied 
to both sides of the washer. 


Mullard 
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6325. ACCESSORIES con 
peese TRANSISTORS 


MOUNTING ACCESSORIES FOR TO-220 


56325 Mica washer 


MECHANICAL DATA Dimensions in mm - 


a 


| 
| 


0.05 
: 6280 


THERMAL RESISTANCE 


From mounting base to heatsink Rynimb—hy = 2.5°C/W, 


56338 Insulating bush 
MECHANICAL DATA Dimension in mm 


Mullard 
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ABRIDGED DATA 
FOR EARLIER TYPES 


ABRIDGED DATA FOR EARLIER TYPES 


Abridged data only are given in these tables. Full data for these types are available on request 
GERMANIUM TRANSISTORS 


| ! 
fy Veeat) at Typical 
: min. max. le Ip power gain 
at f 
(mA) |(MHz) (V) (mA) (mA) | (dB) 

150 | 300 1* —0-35 | 500 
120 | 300 1° —0-35 | 500 
250 | 300 1-3* | —0:35| 500 
145 | 50 1* 0:2 50 


250 | 50 1:3" | 0-2 50 


300 | 300 1* —0-35 | 500 
150 | 300 1* —0-35 | 500 


ACY22 TO-5 | -20 


p-n-p 
ACY39 | p-n-p | TO-5 |110 5 
ACY40 | p-n-p | TO-5 | -32 | -32/} 2A|/ 500 ; 90 70 } 300 0:8" | —035) 500 
ACY41 | p-n-p | TO-5 | -32]-32| 2A/ 500 | 90 250 | 300 0-6" | -—0-35|) 500 |- 
ACY44 | p-n-p | TO-5 | -50 |-40| 2A] 500 | 90 100 1 1* —0:2 50 
ADY26 | p-n-p | TO-36| -80 | -60} 30A) 25A 5A}; — -0:5 25A 
ADZ11 p-n-p | TO-36| -50 | -40) 20A| 15A 1:2A] 80kHz} —1-0 15A 
ADZ12 | p-n-p | TO-36; —80 | ~60| 20A; 15A 1:2A/100kHz; —1:0 15A 
AF114 p-n-p | TO-7 | —20 | -20} 10 10 1 75* _ — 
AF115 p-n-p | TO-7 | —20 | -20) 10 10 1 75° _— —_ 
AF116 —20 | -20| 10 10 1 75* — —_ 
AF117 —20 | -20| 10 10 1 75* — — 
ASY26 ~30 | -15/300 | 200 20 4 0-2 10 
ASY27 —25 | -15/300 | 200 20 6 0-2 10 
ASY28 30 | 151300 | 200 20 | 4 0-2 10 

oo a 


“typical "hee 


GERMANIUM TRANSISTORS (cont.) 


Ail . Maximum Ratings Hte fy Veeat) ‘Typical 
Type Polarity | Outiline] Vog | Vee cz levavy | Tj min. max. le min. max. lo lp Power gain 
No. at f 
(V) | (V) | (mA) |(mA) |co) (mA) }(MHz)| (V) (mA) (mA) | (dB) = (MHz) 
Soh 4 
ASY29 | n-p-n | TO-5 25 | 15] 300 |200 | 85 10 0:2 10 | 0-2 — -—_ 
ASZ21 p-n-p | TO-18} —20 | -15 | 50; 30 | 85 300 -0:35; 10] 1-0 — — 
oc20 p-n-p | TO-3 |-100 | ~-75 | 10A} 8A] 90 0:25, — —;} — — — 
OCc22 p-n-p | TO-3 | -47 | -32 | 2A 1A} 90 2 -0-6*| 1A] 30 — — 
0C23 ptn-p | TO-3 | -55 | -40 | 2A 1A| 90 2:5 | -0-4*} 1A| 30 — — 
Lee ae | ial 
OC24 p-n-p | TO-3 | -47|-40 | 2A 1A] 90 2:5 -0:4* | 1A; 30 — —_ 
OC25 p-n-p | TO-3 | —40 | -40 | .4A 4A; 90 0-25 — —+| — —_ — 
oc41 p-n-p | SO-2 | -16 | -15 | 150 | 50 | 75 3 —0:2 50 3 — — 
0c42 p-n-p | SO~2 | -16 | -15 | 150 | 50 | 75 5:5 —0:2 50 15 | — — 
0Cc43 p-n-p | SO-2 | -15 ; -15 | 150 | 50 | 75 12] -0-28] 125 7 — —_ 
——_}— T 
OC44 p-n-p | SO-2 | -15 | -15| -10 5 | 75 75 -0-15 8 05 | — _— 
Oc45 p-n-p | SO-2 | -15 |] -15] 10 5 | 75 3 -0:15 8 05 | — — 
0Cc70 p-n-p | SO-2 | -30/] -30/ 50 | 10 | 75 5kHz | —0:33 9 0-5 | — —_ 
oc71 p-n-p | SO-2 | -30 | -30/ 50; 10 | 75 SkHz | -—0-21 9 05) — — 
0C72 p-n-p | SO-Z | -32 | -32 | 250 |125 | 75 0-33 — —| — —_— — 
{— — iE ___| 

OC75 p-n-p | SO-2 | -30 | -30 50 | 10 | 75 0-9 0:21 9 05 | — — 
OC76 p-n-p | SO-2 | -32 | -32 | 250 |125 | 75 0:35 — —}| — — — 
OC77 p-n-p | SO-2 | -60 | -60 | 250 |125 | 75 0-35 — —|— —_ —_ 
0C139 n-p-n | SO-2 20 20 | 250 | 250 75 3-5 0-22| 50 3 —- | —_ 

c140 -p- SO-2 20 0 400 5 4-5 . 50 12, — —_ 
oO n-p-n 20 | 400 7 | 9 22 
0Cc141 n-p-n | SO~2 20! 20/400 | 400 | 75 0 0:22] 50 0-7 | — — 
0C170 | p-n-p | TO-7 | -20/} -20/] 10] 10 | 75 75* — —;| — 25 10 
0C171 |_P-n-p TO-7 | -20 | -20| ‘10 | 10 | 75 75° ase —| — 14 100 
“typical "hee TTecase a 25°C TT case < 45°C 


SILICON TRANSISTORS 


at 


Maximum Ratings - Wee at fy Veeisaty at tort 
Type Polarity | Outline | Vego|Vceo] lcm |lcmw Pyot = |min. max. Ic min. max. le Ig 
No. at 25°C 
(V) | (¥) |] (mA) (mA) (mW) (mA) }(MHz)) (V) (mA) (mA) |(ns) (ns) (mA) 

BC146 | n-p-n | pmin. | 20 20 | 50 | 50 50 80 | 550} 0.2 |150* 0-18" 

BC186 | p-n-p | TO-18/| —40 | -25 | 200 |100 |175 | 300 40 | 200 | 2:0] 50 -0:5 

BC187 | p-n-p | TO-18| -30 | -25| 200 |100 |175| 300 |100 | 500) 2:0; 50 -0:5 

BC200 | p-n-p | » min. | -20 | -20] 50 | 50 /125/ 50 50 | 400 | 0-2) 90° -0-2* 
§BCY55 | n-p-n| Block |; 45] 45] 60 | 30 /125; 300 | 200/600; 10 | 50 1:0 

BCZ11 p-n-p | SO-2 | -30 | -25| 100 | 50 /150] 250 15 | 50] 20 0:9 -0:55 

BD115 | n-p-n | TO-39| 245 | 180) 200 |150 /200| 6f 22} —j] 50 |145* 9-0 

BD121 | n-p-n | TO-3 5A) 5A/175| 45W] 30 | — 1A| 60 0-65 

BD123 | n-p-n | TO-3 5A) 5A/175| 45W}] 30 | — 1A) 60 0-65 

BD124 | n-p-n | SO-55 4A; 2A;175| 15W) 35 | — | 500 | 60 0-50 

BDY10 | n-p-n | TO-3 4A} 2A)175|150Wt| 10 | 50 2A, 1-0 0-7 

BDY11 | n-p-n | TO-3 4A) 2A\/175/150Wt] 10} 50 2A| 1:0 0:7 

BDY60 | n-p-n | TO-3 10A| 5AI175| 15W | 45 | 450] 500 | 100* 0:7 

BDY61 | n-p-n | TO-3 10A| 5A\/175} 15W | 45 | 450} 500 | 100* 0-9 

BDY62 | n-p-n | TO-3 10A) 5A)175| 15W | 45 | 450} 500 | 100* 0:9 

BF115 n-p-n T0-72| 30 | 30 |175| 145 48; — — 

BF167 n-p-n | TO-72 25 | 25 |175| 130 —| — — 

BF173 n-p-n | TO-72 25 | 25 |175) 260 —) -—-| — — 

BF177 n-p-n | TO-5 60 | 50 |200] 600 20; — — 

BF178 n-p-n | TO-5 50 | 50 | 200) 600 20); — — 

“typical TTnp S25°C §Dual transistor 


SILICON TRANSISTORS (cont.) 


_ bee at fr Veesaty at ton tore = at 
in. max. I¢ min. max. lc I 


Type Polarity] Outline 
No, 


(mA) |(MHz);  (V 


~ 


(mA) (mA) | (ns) (ns) (mA) 


TO-5 120° | eo eee eae a, 

TO-72 650° —_ —| — —| — —_ 

TO-72 800* — —{ —|] —|] —}] — 

T pack 650* —_ —; —;]—; —| — 

T pack 525 —_— —f —F|—y ey 
BF264 n-p-n | T pack 400 — —!| —]| —} —| — : 
BFS18R| n-p-n | u min. 1-0} 200* — —; —|—)} —| — 
BFS19R/ n-p-n| umin. 1-0} 260* _— —j; —|—} —| — 
BFS92 | p-n-p | TO-39 1A) 1A 70*; -1:0| 500; 50; —| —| — 7 
BFS93 | p-n-p | TO-39 1A; 1A 70*| -1:°0; 500; 50; —; —|; — ; 
BFS94 | p-n-p | TO-39} -80| -—40 1Al 1A 70*| -0-7 |} 500} 50 ; 
BFS95 p-n-p | TO-39} —40/} -35 1A) 1A 70* -—0:7 | 500/] 50 y 
BFW16 | n-p-n | TO-5 40; 25] 300 |150 1200* — —| — 
BFW17 | n-p-n | TO-5 40 25 | 300 |150 1100° —_ — — 
BFW45 | n-p-n | TO~39| 165; 130 | 100 | 50 80 3-0 10 1 ; 
ai n-p-n | Lock-fit) 80; 60 1A} 500 80 0-7 | 500) 50 x 
BFW58 | n-p-n | Lock-fit} 80] 60 1A| 500 80 0-7 | 500; 50 a 
BFW59 | n-p-n j Lock-fit} 40 35 1A] 500 80 0:7 | 500 50 
BFW60 | n-p-n | Lock-fit} 40 35 1A! 500 80 0-7 | 500 50 
BFW87 | p-n-p | Lock-fit) -60 | -60 | 500 /|500 100 0-4; 150; 15 


“typical {Tcase<125°C {Tm,<50°C 


SILICON TRANSISTORS (cont.) 


Maximum Ratings 


Type Polarity 
No. 


2A 

Plastic 50 | 50 
TO-39 1A| 1A 
TO-39 1A| 1A|200 
TO-18 _ 
TO-18 400 |200 |200 


“typical “*Vcer (Raz <10Q) tTmp < 25°C Tease < 95°C 


& 


SILICON TRANSISTORS (cont.) 


Maximum Ratings Kee at fr ton tort 
Type Polarity; Outline] Vego Tom leaw | 7; Prot |min. max. Ie min. 
No. at 25°C 
(V) (mA) |(mA) | (°C)| (mW) (mA)} (MHz) (ns) (ns) 
BSX77 | n-p-n| TO-18] 40 400-|200 |}200/ 350 | 40| 120] 10] 100 
BSX78 | n-p-n| TO-18] 40 400 | 200 |200| 350 | 80) 240] 10] 100 
BSY26 | n-p-n| TO-18] 20 200 {100 |175/ 300 | 20} 60] 10] 200 
BSY27 | n-p-n| TO-18} 20 200 {100 |175| 300 | 40/120] 10] 200 
BSY38 | n-p-n| TO-18} 20 200 |100 |/175) 300 | 15} 451|100] 350° 
Jf 

200 |}100 {175}; 300 | 20} 70/100) 350* 

140 |100 |200] 300 | 25} 60]! 10] 140 

140 |100 |}200) 300 | 50] 200/] 10] 140 

200 |100 |}140); 150 | 50! 200] 10! 200 

2:5A) 2:5A) 115 10ow —} —] — 7:5" 

OC200 | p-n-p| SO-2 | -30} -25|] 100 | 50 [150] 250 | 10] 50] 20] 0-45 
0Cc201 p-n-p | SO-2 | -25| -20] 100 | 50 /150] 250 | 10] 70]! 20] 2-0 
0c202 p-n-p | SO-2 | -15] -~10] 100 50 |150 250 24 | 125 20 1-4 
OC203 | p-n-p | SO-2 | -60| -50/} 100 | 50 |150! 250 | 10] 50] 20] 0-3 
OC204 | p-n-p/ SO-2 | -32/ ~32|/ 500 |250 {150} 125 | 10} 30/150] 0-45 
OC205 | p-n-p| SO-2 | -60| -60) 500 |250 |150/ 125 | 10| 50/150] 0-45 
OC206 | p-n-p | SO-2 | -32} -32| 500 {250 |150; 125 | 16|120]150| 0-85 
OC207 | p-n-p| SO-2 | -50/ -50/ 500 |250 {150} 310 | 12} 70/150] 2-0 


INDEX to Book 1 (Parts 1 & 2) 


AC127 BCY70 
AC128/2-AC128 BCY71 
AC128/AC176 BCY72 
AC176 BCY87/8/9 
AC187 BCZ11 


AC188 BD115 

ACY17 to 22 BD121/3 BDY92/60 
ACY39 to 41 © BD124 

ACY44 BD131/2-BD131 


AD140/2-AD140 BD132 


BD133 
BD135 to 140 
BD181 to 184 
BD201 to 204 
BD232 


AD149/2-AD149 
AD161 

AD161/2 

AD162 

ADY26 


BD233 to 238 


ADZ11/12 


AF114 to 117 BD262/A/B 
AFY19 BFX88 BD263/A/B 
ASY26 to 29 BD433 to 438 
ASY67 BCY70 BDX35/6/7 


ASZ20 BCY70 BDX42/3/4 
ASZ21 BDX62/A/B 
ASZ23 BCY70 BDX63/A/B 
BC107/8/9 BDX64/A/B 
BC146 BCW32R BDX65/A/B 


BDY10/11 


BC147/8/9 


BC157/8/9 BDY20/2-BDY20 
BC186/7 BCY70 BDY38/2-BDY38 
BC200 BCW30R BDY60/1/2 
BC327/8 BDYSO to 95 


BC337/8 BDY96/7/8 
BC547/8/9 BF115 
BC557/8/9 BF167 - 
BCW29R/30R BF173 
BCW31R to 33R BF177/8/9 


BCWE6S9R to 72R BF180 
BCX17/18 BF181 
BCX19/20 BF182 
BCX21 BF183 
BCX31 to 34 BF184/5 BF194/5 


BCX35 to 37 BF194 
BCY30/1/2/3/4 BF195 
BCY38/9/40 BF196 
BCY54 BF197 
BCY55 BF200 


“Not recommended for the design of new equipment. 
Full data for these types are available on request. 


BF245A/B/C 
BF262/3 
BF264 
BF324 
BF336/7/8 


BF355 
BF362/3 
BF450/1 
BFQ10 to 16 
BFR29 


BFR30/1 
BFR63/4 
BFR90 
-|BFR91 
BFR92 


BFR93 
‘BFS17R 
BFS18R/19R 
‘BFS20R 
BFS21/21A 


BFS28 
BFS92 to 95 
BFT24 
BFT25 
BFW10/11 


‘| BFW16 
BFW16A 
BFW17 
BFW17A 
BFW30 


BFW45 


BFW57/8/9/60 


BFW61 


BFW87 to 91 


BFWS2 


BFW96 
BFX12/13 
BFX29 
BFX30 
BFX34 


BFX37 
BFX63 
BFX84/5/6 
BFX87/8 
BFX89 


\ 


BSX21 
BCX32-34 


BFX85 
BFS17R 


BFR29/BSV81 
BCY70 
BSV64 


BCY70 
BFR29/BSV81 


BFY50/1/2 
BFY53 
BFY90 
BGY22/A 
BGY23/A 


BLX13 
BLX14 
BLX65 
BLX66 
BLX67 


BLX69 
BLX91 
BLX92 
BLX93 
BLX94 


BLY17 
BLY33/4 
BLY35 
BLY36 
BLY53A 


BLY55 
BLY83 
BLY84 
BLY85 
BLY89A 


BLY90 
BLY93A 
BLY94 
BLY97 
BRY39 


BSS27/8/9 
BSS40/1 
BSS50/1/2 
BSV22 
BSV52R 


BSV64 
BSV68 
BSV78/9/80 
BSV81 
BSW41 
BSW65 


BSW66/7/8 
BSW69 
BSX12/12A 
BSX19/20 
BSX21 


*Not recommended for the design of new equipment. 


Full data for these types are available on request. 


Pika 


Type Number Part/ Suggested 
Section alternative 


BSX44 
BSX59/60/61 
BSX76/7/8 
BSX82 
BSY26/7 


BSY38/9 

BSY40/1 

BSY95 

BSYS5A . 
| BU126 


BU133 
BU204/5/6 
BU207/8/9 
0C20 
0C22/3/4/5 


0C26 

0C28/9 
0C35/6 
0C41/2/3/4/5 
0C70/1/2 


0C75/6/7 
0C122/3 
0C139/40/41 
0C170/1 
0C200 to 207 


2N1613 
2N1711 
2N2297 
2N2369A 
2N2904/4A 


2N2905/5A 
2N2906/6A 
2N2907/7A 
2N3053 
2N3055 


BSX19 


BFR29/BSV81 
BSX19/20 


BCY70 


2N3375 
2N3442 
2N3553 
2N3632 
2N3823 


2N3866 
2N3966 
2N4091 /2/3 
2N4347 
2N4391 /2/3 


2N4427 
2N4856 to 4861 
56200 

56201A 
§6201B 


56207 
56209 
56214 
56218 


56226 
56227 
56239A 
56239B 
56245 


56246 
56263 
56265 
56300 
56301B 


56325 
56326 
56336A 
56336B 


56338 


*Not recommended for the design of new equipment. 
Full data for these types are available on request. 
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